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This book contains four integrated sections: 1) Acupuncture Research; 2) New 
Developments in Acupuncture; 3) Acupuncture Therapy for Clinical Conditions and 4) 
Assessment and Accessibility in Acupuncture Therapy.
Section 1 provides updates on acupuncture research.  From acupuncture effects in 
modulation of immune system to the role of nitric oxide in acupuncture mechanisms, 
chapters in this section offer readers the newest trends in acupuncture research. 
Section 2 summarizes new developments in acupuncture.  The included chapters discuss 
new tools and methods in acupuncture such as laser acupuncture, sham needles, and 
new technologies.
Section 3 discusses acupuncture therapy for clinical conditions. The chapters in this 
section provide comprehensive and critical views of acupuncture therapy and its 
application in common clinical practice.
Section 4 takes a new look at the issues related to assessment and accessibility in 
acupuncture therapy.  These issues are central to developing new standards for outcome 
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Acupuncture has been one of the most significant components of the healthcare system in
East Asia for thousands of years. It has rapidly evolved as a therapeutic modality in the
modern west medicine system over the last few decades. In the United States, acupuncture
has gained much interest since President Nixon’s trip to China in 1972. A nationwide survey
in 1998 showed that office visits seeking alternative therapies are twice as many as those for
primary care and there are estimated five million visits to acupuncture practices alone. Acu‐
puncture needles have been classified as medical equipment, subject to the same standards
for medical needles, syringes, surgical scalpels since 1996. The National Institutes of Health
(NIH) organized a Consensus Development Conference on Acupuncture in 1997. The Con‐
ference recognized that acupuncture has been extensively practiced by many healthcare pro‐
viders to treat a wide variety of medical problems including pain conditions. A major
benefit of acupuncture therapy is that adverse events are substantially lower than that of
many medications and commonly accepted medical procedures. In the meantime, scientific
research has lead to the increasing understanding of acupuncture’s mechanisms, physiolog‐
ic impacts, and therapeutic effects. These promising developments in research and clinical
application of acupuncture therapy have established a new field of integrative medicine that
combines complementary and alternative medicine including acupuncture with western-
style medical practice.
Despite the progress in acupuncture therapy as an alternative treatment modality, current
clinical research on acupuncture still faces a number of challenges. For example, although
many studies on acupuncture treatment have been published, their scientific merits may be
limited by the study design and non-standardized acupuncture practices. It remains difficult
to maintain true blindness to patients and, in some cases to investigators, in clinical trials.
Non-specific needling (i.e. placing an acupuncture needle at an unintended acupoint) or
sham needling may elicit some response similar to that of active acupuncture treatment,
making it difficult to interpret trial outcomes because it is difficult to separate the placebo
effect from the actual acupuncture effect.
With regard to the practice of acupuncture, a plan for acupuncture treatment is often highly
individualized for a given condition and varies from one practitioner to another. As such, it
is rather difficult to compare treatment outcomes if a given clinical condition is treated with
different settings including acupoints, needling techniques (e.g., electrical versus manual),
duration of treatment for each session, and between-session intervals. Therefore, concerted
efforts should be made to standardize acupuncture clinical trials in order to improve scien‐
tific merits of such trials. Nonetheless, it can be anticipated that complementary medicine,
including acupuncture, will play a growing and positive role in pain management.
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This book offers comprehensive updates of current knowledge in acupuncture practice and
research. 18 chapters are divided into four categories: 1) Acupuncture Research; 2) New De‐
velopments in Acupuncture; 3) Acupuncture Therapy for Clinical Conditions and 4) Assess‐
ment and Accessibility of Acupuncture Therapy. The book is intended for physicians,
acupuncturists, medical students and other healthcare providers who are interested in acu‐
puncture therapy and research. These chapters are written by experienced and well-recog‐
nized acupuncture practitioners, clinicians and researchers from both private and academic
settings. The topics discussed in this book provide 1) a unique look at the current status and
new trends of acupuncture research, 2) comprehensive and analytic reviews of acupuncture
therapy for clinical disorders and conditions, and 3) up-to-date developments reviewed by
both scientists and clinicians.
Finally we sincerely thank the authors for their dedication and enormous contributions to
this project. We are also grateful to InTech Publisher for their support which made it possi‐
ble to publish this important book. As physicians and researchers, we hope the renewed in‐
terest in acupuncture therapy and research will take a deep root in the minds and practices
of many physicians and healthcare providers in order to accelerate the integration of acu‐
puncture into modern medicine.









I dedicate this book to my family for their love and support. I also dedicate this book to my pa‐
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Current Trends in Acupuncture Research: From
Analgesia to Physiological Function of Brain
Chen Wei-Liang and Hsieh Ching-Liang
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/55184
1. Introduction
Acupuncture has been used for different kinds of disorders for a long period of time in Asian
[1] and currently been accepted by western countries by virtue of its obvious efficacy and
scientific evidences on basic and clinical studies. As a part of Traditional Chinese Medicine
(TCM), acupuncture may be the most evident therapy among all other complementary and
alternative medicines (CAMs). This chapter is going to discuss current trends in basic acu‐
puncture research and clinical trials.
Early findings of acupuncture analgesia inspired following studies with the opioid- and
serotonin-mediated descending inhibitory pathways [2]. In central nervous system (CNS),
acupuncture, especially electroacupuncture (EA), activates many cortical and subcortical
regions involved in these pathways. Noteworthy, the EA effects are frequency-dependent. For
example, lower frequency EA (1-5Hz) possesses prominent anti-hyperalgesic and anti-
inflammatory effects whereas higher (100Hz) one has more effect on cortical serotoninergic
system. Accordingly, different frequency EA initiates different pathways. At more peripheral
level, the analgesic effects of acupuncture are partly explained by modulation of synaptic
plasticity and cholinergic reflex. The relationship between cholinergic reflex and acupuncture
has been postulated for decades. Currently, more and more evidences support this assumption
[3]. Electrophysiology is a promising tool to investigate neurophysiology. Compelling
evidences have clarified the acupuncture effect on electrophysiological profiles. One of the
important contributions of electrophysiology is to consolidate the idea that acupuncture act
through high cortical conditioning. In addition to traditional histological and electrophysio‐
logical studies, advent of neural functional imaging provides more impetus for CNS func‐
© 2013 Wei-Liang and Ching-Liang; licensee InTech. This is an open access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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tioning during acupuncture [4]. Since CNS is the major modulator of homeostasis, acupuncture
also effectively to regulate metabolic penal, such as blood glucose and lipid.
In the eras of randomized control trial (RCT), acupuncture need to be verified by more rigid
method. In addition to methodological and sham designs, we found that acupoint selection
and assessment tool are equally important. Especially in trials for pain syndromes, inadequacy
of acupoint or outcome measurement often elicits biased conclusion. The idea is that there are
three distinct physiological effects of acupuncture, namely, point-specific effect, placebo and
non-specific physiologic effects to needle insertion; some of them overlap with sham and
placebo controls which are the methods widely used in current acupuncture RCTs. Several
cases in point will be discussed in this chapter.
Among many acupuncture RCTs that have been published in the past decades, pain syn‐
dromes are explored most extensively. The present chapter is going to take chronic headache,
low back pain, osteoarthritis and postoperative pain as examples. Although most of the data
suggested better outcomes after acupuncture treatment, we can still find the fact that not every
pain syndrome is suitable for standardized and inflexible acupuncture trials. Another encour‐
aging issue currently is using acupuncture to treat neurological disorder, such as stroke and
peripheral neuropathy. Acupuncture now is a rising star for the treatment of stroke. Many
pioneer trials have demonstrated the beneficial effect of acupuncture treatment on stroke
rehabilitation. Others will also be mentioned here are disorders such as metabolic syndrome
and atopic disorders. The nature of uncontrollable inflammation of these lingering disorders
makes them the next in the spotlight, since postulated role of acupuncture may regulate
inflammation.
From analgesic effect of acupuncture to physiological function of brain, acupuncture research‐
es have made their own mark on scientific world.
2. Mechanism of acupuncture analgesia
2.1. Inspiring findings from the studies of mechanisms of Acupuncture Analgesia (AA)
Analgesic effect is the most studied one among the variety clinical applications of acupuncture.
As the scientists all over the world have devoted themselves into this field, several evidences
are brought forward [1, 2]. The starting place is gate control theory [5]. It is believed that
acupuncture stimulation activates larger Aβ nerve fiber which then “gates” the nociceptive
signals from Aδ and C nerve fibers in substantia gelatinosa (SG) in spinal dorsal horn.
However, gate control theory can only explain transient and local AA within the same and
adjacent dermatomes where painful areas are. Gating control cannot produce distal and
prolonged AA. Therefore, widespread regulation elicited by acupuncture at spinal and
supraspinal levels has been the central question to be addressed for decades.
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To view the whole picture of AA, quick review of central endogenous opioid system and
descending inhibitory pathways is necessary. Purification of β-endorphin, enkephalin and
dynorphin in late 1970s [6] gave rise to the accelerated progress on the understanding of central
endogenous opioid systems, as well as mechanism of AA. The arcuate nucleus in hypothala‐
mus and periaqueduct gray (PAG) in midbrain are the major locations releasing beta-endor‐
phin and enkephalin [7]. Arcuate nucleus projects endorphinergic axons to PAG, and then
PAG sends endorphinergic axons to nucleus raphes magnus (NRM). This arcuate-PAG-NRM
axis is the center of “descending inhibitory pathway”. For example, stimulating PAG with
electrical or opioids produces analgesia [7]. NRM has widespread serotoninergic projection to
spinal cord, and mainly has synapse with enkephalinergic inhibitory interneurons in SG of
spinal dorsal horn. Another counterpart descending inhibitory pathway of arcuate-PAG-NRM
axis involves parabranchial nucleus (PBN). Unlike arcuate nucleus, PBN releases dynorphin
instead of beta-endorphin or enkephalin to PAG. In both descending pathways, spinal
endogenous opioid presynaptically knocks out/down nociceptive signals [8]. The relationship
between the abovementioned endogenous opioid system and AA date back to 1970s, illus‐
trated by the finding that Naloxone, an nonselective antagonist to opioid receptors, attenuates
analgesic effect of acupuncture in human [9] and mice [10].
Based on progress of the knowledge of different endogenous opioids, compelling evidences
have more directly revealed the relationship between AA and endogenous opioids [11-13].
Furthermore, researches also demonstrated the characterized frequency-dependent effect of
EA on the release of different endogenous [14]. This early observation inspired later researches
on EA. The most well-known ones are conducted by Han’s group. The frequency-dependent
characteristic of EA hasn’t been elucidated until the experiments of his group. They reported
that in EA, frequency of electrical stimulation determines the pathway it could activate [15].
For example, by using a cross-tolerance technique, lower frequency (2 Hz) EA produces
analgesia through μ- and δ-opioid receptors and that higher frequency (100 Hz) EA through
the κ-opioid receptor. They concluded that 2 Hz EA stimulates the release of β-endophin,
enkephalin and endomorphin [16, 17] within the network of the CNS and that 100 Hz EA
releases dynorphin [18]. Taken together with descending inhibitory pathways, lower frequen‐
cy (2Hz) EA is postulated to active arcuate-PAG-NRM pathway and higher (100Hz) one to
activate PBN-PAG-NRM.
Although we have already known that AA is speculated emanated form endogenous opioids
and related descending inhibitory pathways [11, 19], hypothalamus-pituitary axis is still a
possible source of endogenous opioids mediated AA [10]. These two mechanisms (hormone
and neurotransmitter) are not mutually exclusive because different stimulating protocol, not
only frequency but pulse width of EA, can yield different effects [20]. We assume that hormonal
mechanism produces its analgesic effect via anti-inflammation in a gradual mode whereas
endogenous opioids are transmitted faster in descending inhibitory pathway.
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are brought forward [1, 2]. The starting place is gate control theory [5]. It is believed that
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prolonged AA. Therefore, widespread regulation elicited by acupuncture at spinal and
supraspinal levels has been the central question to be addressed for decades.
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To view the whole picture of AA, quick review of central endogenous opioid system and
descending inhibitory pathways is necessary. Purification of β-endorphin, enkephalin and
dynorphin in late 1970s [6] gave rise to the accelerated progress on the understanding of central
endogenous opioid systems, as well as mechanism of AA. The arcuate nucleus in hypothala‐
mus and periaqueduct gray (PAG) in midbrain are the major locations releasing beta-endor‐
phin and enkephalin [7]. Arcuate nucleus projects endorphinergic axons to PAG, and then
PAG sends endorphinergic axons to nucleus raphes magnus (NRM). This arcuate-PAG-NRM
axis is the center of “descending inhibitory pathway”. For example, stimulating PAG with
electrical or opioids produces analgesia [7]. NRM has widespread serotoninergic projection to
spinal cord, and mainly has synapse with enkephalinergic inhibitory interneurons in SG of
spinal dorsal horn. Another counterpart descending inhibitory pathway of arcuate-PAG-NRM
axis involves parabranchial nucleus (PBN). Unlike arcuate nucleus, PBN releases dynorphin
instead of beta-endorphin or enkephalin to PAG. In both descending pathways, spinal
endogenous opioid presynaptically knocks out/down nociceptive signals [8]. The relationship
between the abovementioned endogenous opioid system and AA date back to 1970s, illus‐
trated by the finding that Naloxone, an nonselective antagonist to opioid receptors, attenuates
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Based on progress of the knowledge of different endogenous opioids, compelling evidences
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characteristic of EA hasn’t been elucidated until the experiments of his group. They reported
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analgesia through μ- and δ-opioid receptors and that higher frequency (100 Hz) EA through
the κ-opioid receptor. They concluded that 2 Hz EA stimulates the release of β-endophin,
enkephalin and endomorphin [16, 17] within the network of the CNS and that 100 Hz EA
releases dynorphin [18]. Taken together with descending inhibitory pathways, lower frequen‐
cy (2Hz) EA is postulated to active arcuate-PAG-NRM pathway and higher (100Hz) one to
activate PBN-PAG-NRM.
Although we have already known that AA is speculated emanated form endogenous opioids
and related descending inhibitory pathways [11, 19], hypothalamus-pituitary axis is still a
possible source of endogenous opioids mediated AA [10]. These two mechanisms (hormone
and neurotransmitter) are not mutually exclusive because different stimulating protocol, not
only frequency but pulse width of EA, can yield different effects [20]. We assume that hormonal
mechanism produces its analgesic effect via anti-inflammation in a gradual mode whereas
endogenous opioids are transmitted faster in descending inhibitory pathway.
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Another salient part of descending inhibitory pathway is serotoninergic NRM-spinal neuron.
Serotonin was suggested as an analgesic transmitter in an early study [14], and EA can activate
these serotoninergic NRM neurons [21]. This analgesic effect of EA diminishes after p-
chlorophenylalanine (serotonin synthesis inhibitor) injection [22]. Therefore, serotonin is
pointed to a role of AA. Evidence suggests that serotonin level increases in spinal cord after
EA [23] and that its precursor (5-hydroxytryptophan) responds to enhanced analgesia at 2 Hz
EA [24].
As to a neurotransmitter, it is always important to understand its receptor subtypes. There are
several serotonin (5-HT) receptor subtypes in CNS. The 5-HT1 and 5-HT3 subtypes locate in
the spinal dorsal horn and their agonists have been found to reduce pain [25, 26]. The 5-HT1a
subtype is also an autoreceptor within the NRM. Antagonists for different subtypes of
serotonin receptors, namely 5-HT1a, 5-HT2 and 5-HT3, have been used to elucidate their roles
in AA. It has been found that EA analgesia is blocked by 5-HT1a and 5-HT3 antagonists at both
lower and higher frequencies; whereas, EA analgesia is enhanced by 5-HT2 antagonist at high
frequency (100 Hz) [24]. The results form these serotonin studies demonstrated another
frequency-dependent characteristic of AA and are supported by later studies [27, 28].
The exact effect of serotonin in spinal cord is to activate inhibitory interneurons postsynapti‐
cally via the serotoninergic NRM-spinal terminals. The enkephalin-containing inhibitory
interneurons knock out/down nociceptive signals through μ/δ-opioid receptors on presynaptic
Aδ and C-fibers (heterosynaptic plasticity)[29]. EA, both lower and higher frequencies, can
activate this mechanism mentioned above through 5-HT1a and 5-HT3 receptors. In contrast,
the 5-HT2 receptor subtype increases the transmission of nociceptive signal [26]. It is also an
excitatory receptor in the cortex and the hippocampus [30]. Higher frequency EA might
decrease the serotonin concentration within the cortex; therefore it acts as a sedative. As a
result, higher frequency EA elicits analgesic effect via both the descending pain inhibitory
pathway and the cortical modulation.
In conclusion AA is mediated by the arcuate nucleus-PAG-NRM-spinal cord [19, 31] and PBN-
PAG-NRM-spinal cord axes [18, 32]. These axes are activated frequency-dependently by lower
or higher frequency EA. By injecting dynorphin antiserum to PAG decreases the analgesic
effect of higher frequency; in contrast, the β-endorphin antiserum decreases the analgesic effect
of lower frequency EA [18]. In addition, higher frequency EA can further involve in cortical
serotonergic transmission, along with the NRM-spinal pathway.
2.2. Current researches in hyperalagesia models
Synaptic plasticity is the central mechanism of several neurological physiology and pathology,
such as memory formation, epilepsy and hyperalgesia. One pattern of synaptic plasticity is
homosynaptic, which means the change is only within synaptic cleft. If the change involved a
second synapse, it is a heterosynaptic pattern. Interneurons usually play important roles in a
heterosynaptic synaptic plasticity. Since acupuncture has capability to modulate nociception
through spinal cord inhibitory interneurons in SG, synaptic plasticity becomes an appealing
subject to address AA. Chemical-induced local inflammation or inflammation came from
nerve injury lead to a series of changes of peripheral and central sensitization (hyperalgesia),
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including undertrophed and overtrophed changes (e.g. change of nerve growth factors; NGF)
of nerve ending, of upregulating specific kinds of dorsal root ganglion (DRG) receptors, of
long-term potentiation (LTP) and long-term depression (LTD) on spinal dorsal horn neurons
[33]. Hence, more recently researches focus on the acupuncture-mediated synaptic plasticity
and anti-hyperalgeic effect in neuropathic pain animal models [20, 34-37].
Nerve injury and following local inflammatory response induce cytokines (IL1, IL6 and TNF-
alpha) and NGF, which are related to hyperalgesia [38]. NGF is the central mediator of
peripheral sensitization. Binding with tyrosine kinase receptor A (trkA), NGF induces
catastrophic cascade in DRG neuron. For example, NGF-induced over-expression of ASIC3
[39] and transient receptor potential valloid type 1 (TRPV1) [40] result in increased cation
permeability on DRG cell membrane and spontaneous activation. Current research showed
that lower frequency EA prevents NGF-induced trafficking of TRPV1 and Substance P (SP)
from DRG to peripheral skin [41].
Interestingly, NGF also induces expression of peripheral opioid receptors on inflammatory
nerve endings at late stage [42]. This seems to be a compensatory reaction which responses to
hyperalgesia. In peripheral inflammatory tissue, immune cells express endogenous opioid and
bind to opioid receptors on peripheral nerve endings [43]. Research showed that analgesia of
EA is mediated by this inhibitory binding on nerve endings [36]. From Sekido’s research, local
blockade of opioid receptors decreased the analgesic effect of EA rather than systemic
blockade. Therefore, in early stage of hyperalgesia, EA regulates NGF-mediated changes in
peripheral tissues, whereas in late stage EA enhances opioid-mediated leukocyte-neuron
interaction.
DRGs play an important role in peripheral sensitization. Up-regulating receptors such as
purinergic receptor P2X3, Acid-Sensing Ion Channel 3 (ASIC3) and TRPV1 increase response
of nociceptor to noxious stimulation [33]. Our study showed that acupuncture reverses the
mechanical hyperalgesia in both carrageenan- and complete Freund’s adjuvant (CFA)-induced
mice model by attenuating expression of ASIC3 on DRG [37]. Other evidences have suggested
anti-hyperalgesic effect of acupuncture through P2X3 [44], TRPV1 [45] and P35/P25
[46]receptors attenuation. These studies implied that acupuncture affects neuron sensitization
at level of receptor proteins.
Within spinal cord, there are various inhibitory interneurons modulating the synaptic
plasticity. For example, inhibitory enkephalinergic neurons increase after nociceptive stimu‐
lation [47]. This inhibition blocks the ascending nociceptive signal from peripheral Aδ and C-
fibers, as well as regulates synaptic plasticity and LTP contributing to the development of
hyperalgesia [33]. Evidences have shown that acupuncture reduces hyperalgesia through
spinal dorsal horn interneuron. For example, in CFA- and paclitaxel-evoked hyperalgesia
models, intrathecal injection of opioid receptors antagonist reverse the anti-hyperalgesia effect
induced by acupuncture [36, 48, 49]. These evidences suggested that acupuncture elicits anti-
hyperalgesic effect via opioid receptors. However, the roles of different opioid receptors (μ,
δ and κ) are not identical in different animal models. In paclitaxel model, clear evidence has
shown that 10Hz EA acts through all three opioid receptors but in CFA model EA, only through
μ- and δ-opioid receptors [35, 48, 50]; This conflict implies that animal models, different
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at level of receptor proteins.
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treatment protocols (timing of needling and selection of acupoints) and tools of assessment
can influence the result even when the stimulating frequency is similar.
Ionotropic glutamate receptors (NMDA, AMPA and KA receptors) are involved in LTP in
DRG. Prseynaptically tetanus burst opens the postsynapse NMDA receptors and influx of
calcium through NMDA up-regulates expression of AMPA receptor. Spontaneous discharge
of DRG neurons in hyperalgesia animal facilitates LTP [51]. Therefore, the dorsal horn neuron
is more sensitive to glutamate after LTP. EA has been found to prevent LPT by down-
regulating AMPA and NMDA receptors in SG [29]. Indirect evidences that excitatory amino
acid antagonists can enhance the anti-hyperalgesic effect of EA also support glutamate
receptor-mediated anti-hyperalgsia of acupuncture [52, 53].
In conclusion, acupuncture reverses hyperalgesia at both peripheral and spinal levels. The
effect is multifactorial but mainly through regulation of synaptic plasticity.
2.3. The role of Central Nervous System (CNS) on acupuncture treatments
We have known from the previous two sections that AA is mediated by descending inhibitory
pathway and synaptic plasticity, but how acupuncture activates them is still blurred. It is
believed that the sensation of “De Qi” during acupuncture treatments is the major determinant
of therapeutic effectiveness. “De Qi” is, not a pain sensation, characterized with numbness,
dullness, soreness or heaviness, therefore the sensory cortex and related structures has been
postulated contributing to activation of abovementioned mechanisms. According to our
studies, acupuncture can alter the sensory processing in CNS. For instance, electrophysiolog‐
ical studies have revealed that needling at specific acupoints suppresses the sympathetic skin
response [54], cutaneous reflex [55] and blink reflex [56] supraspinally. These results suggested
that acupuncture doesn’t change the monosynaptic reflex at the brainstem and spinal level.
Indeed, utilizing auditory endogenous potentials (P300), we elucidated that cerebral cortex is
the major location where acupuncture interferes sensory processing [57].
In consistence with our early electrophysiology studies, current functional magnetic resonance
imaging (fMRI) studies have demonstrated the importance of cerebral cortex. Given the
intricate theory of TCM and the complicated networks of the CNS, the complexness of
physiological response of acupuncture is not surprising. Functional magnetic resonance image
(fMRI) was once regarded as a novel tool to elucidate the CNS effect of acupuncture. Indeed,
Ho’s group suggested that certain brain regions were activated in experimental animals with
point-specific property [58, 59]. In human subjects, needling at traditional analgesic points
(ST36 and LI4) can enhance the signals of analgesic matrix (hypothalamus and nucleus
accumbens) and reduce the signals of pain perception area (limbic system) [60]. However,
some results cannot be duplicated due to the sophisticated data process and analysis for the
blood oxygenation-level dependent (BOLD) signals. For example, conflict results arise from
two studies that tried to elucidate acupoint specificity by analyzing BLOD responses to vision-
related acupoints [61, 62].
Most of the early fMRI studies have analyzed neural activities in an acute and spatial pattern.
Lin’s group noticed that carryover effects of block design (on- and off-treatment) would
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complicate the interpretation of acupuncture fMRI study [63]. Therefore, currently a group
focuses on effects of acupuncture on functional connectivity on resting-state. They have found
that acupuncture can exert sustained and specific effects on resting brain networks [4, 61,
64-66]. Among all the brain regions, anterior cingulated cortex (ACC) has been studied most
extensively [65, 67, 68]. ACC has wide connection with other cortical region and hippocampus,
amygdala and hypothalamus. Therefore it is correlated with memorial (hippocampus),
affective (amygdala) and physiological (hypothalamus) components of pain [69]. Indeed, in a
hyperalgesic animal model, destruction of rostral ACC eliminates the anti-hyperalgesic effect
of acupuncture [67]. However, the role of whole cerebral cortex plays in AA is still inconclusive,
more delicate electrophysiology and functional imaging studies are needed.
In conclusion, functional studies (electrophysiology and fMRI) have revealed extensive effect
of acupuncture on cerebral cortex. However, it is still controversial whether this effect is
specific to acupuncture or not.
2.4. The role of Autonomic Nervous System (ANS) on acupuncture treatments
Autonomic anti-inflammatory reflex elicited by acupuncture has been postulated by virtue of
acupuncture’s anti-inflammation effect and ability to poise autonomic nervous system (ANS).
It has been showed that long term EA can regulate immune cells such as T and B cell in lymph
nodes [70] and splenic natural killer (NK) cells [71] in mouse. Elimination of immune regula‐
tion by naloxone [71] implied EA as an opioid-mediated immune modulator. In hyperalgesic
animal models, inflammatory responses (edema and hyperalgesia) reduced by EA [72-74] is
also mediated by opioids [75]. However, the fact that local injection of naloxane isn’t able to
eliminate the immediate anti-inflammation effect of EA [73, 75] may imply a faster neuronal
pathway way other than opioid-mediated one. Indeed, EA is capable to adjust inflammatory
profiles in the CNS. In the hypothalamus, commonly regarded as homeostasis center, the
expression of mRNA of proinflammatory cytokines by lipopolysaccharide stimulation is
reduced after EA [76]. Proteomic analysis has revealed that inflammatory protein levels are
normalized in the hypothalamus after EA stimulation [77]. Taken together, a CNS-mediated
non-opioid anti-inflammatory effect of acupuncture is implicated.
Although hypothalamus-pituitary-adrenal axis has been implicated to mediate the anti-
inflammatory effect of acupuncture [59, 76-79], current focus is more on ANS [3, 80] by virtue
of its more immediate response to acupuncture. Many researchers have found that acupunc‐
ture can regulate the function of the ANS in different kinds of physiology parameters [81-84].
But our question here is whether ANS also mediates the anti-inflammation effect of acupunc‐
ture. In enodtoxin-induced sepsis model, survival benefits of EA are mediated by central
muscurinic and peripheral nicotinic receptors [3]. This result demonstrated the involvement
of cholinergic systems in EA-mediated anti-inflammation, congruent with previous study [27].
Among various cortical areas, ACC receives lots of cholinergic terminals. Thanks to the advent
of fMRI, it is more feasible to assess the neural connection within CNS. Current study suggested
that acupuncture, via prefrontal cortex (PFC)-perigenual ACC (pgACC)-arcuate-PAG axis,
could regulate ANS in spatial pattern [68]. This axis has strong interconnection to descending
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treatment protocols (timing of needling and selection of acupoints) and tools of assessment
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inhibitory pathways and may be the common pathway of analgesic and anti-inflammatory
effect of acupuncture.
In conclusion, the anti-inflammation effect of acupuncture is evident. In terms of the overlap‐
ping between cholinergic reflex and descending inhibitory pathways, acupuncture is specu‐
lated to be able to activate cortical ANS centers such as PFC and ACC.
2.5. Effect of acupuncture on metabolism
Acupuncture effect on hypothalamus nucleus (i.e. arcuate) implies its homeostatic character‐
istic. In contrast to reductionism of early modern medicine, TCM views living organism in
systemic way. Emphasis is placed on holistic treatment in TCM theory. Therefore, acupuncture
effect on metabolism has been the central of attention in scientific world. Current studies have
shown that acupuncture on spleen and stomach meridians can regulate appetite and body
weight through central mechanism[85, 86]. Therefore, acupuncture has been regarded as a
novel alternative for controlling metabolic syndrome.
Insulin resistance is the major alteration of non-insulin dependent diabetes mellitus (NIDDM,
type II DM) and metabolic syndrome. A series of studies on diabetic animal model has proven
anti-diabetes effect of acupuncture. CV12 (Zhongwan) is a common acupoint used to regulate
digestive function. Fifteen Hz EA at CV12 had hypoglycemic effect in normal and model rats
of non-insulin-dependent diabetes mellitus (Type II DM)[87]. Likewise in analgesia studies,
this hypoglycemic effect is also mediated by opioid [88, 89] and serotonin [90]. Fifteen Hz EA
at bilateral ST36 (Zusanli) can further improve insulin sensitivity [91] by lowering free fatty
acid in model rats of insulin-resistance [92]. Our study has also revealed that EA at ST36 can
modulate the blood glucose and increase metabolic rate in the cellular level [93]. These results
imply the clinical feasibility of acupuncture treatment for metabolic syndrome.
3. Clinical trials in acupuncture treatment
3.1. Important precautions for acupuncture trials
Study design is very crucial for acupuncture trials. Randomized control trial (RCT) is the
minimal requirement for any modern clinical trial. However, for acupuncture trials, other
precautions should be considered. Current acupuncture trials have to follow the standards of
reporting interventions in controlled trials of acupuncture (STRICTA) [94]. To evaluate the
validity of any acupuncture trial, additional emphasis should be placed along with STRICTA.
The first one is “blinding method”. Double-blinded RCT means neither practitioner nor patient
is aware of the content of treatment. However, it is virtually impossible for acupuncture trial
since the practitioner have to delivery acupuncture or sham treatment according to the protocol
and group assignment correctly. Therefore, blind to assessor and patient is relatively more
important in acupuncture trials to avoid bias.
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Figure 1. Three effects of acupuncture treatment. Left column is the three compositions of acupuncture treatment,
namely, specific effect, non-specific physiology effect to needle insertion and placebo effect. Sham acupuncture such
as minimal acupuncture (middle column) doesn’t consist of specific effect. The right is placebo like mock TENS or
Streitberger's placebo needles.
The second one is the design of sham treatment. It is commonly accepted that acupuncture has
three major therapeutic characteristics (figure 1.), point-specific effect, placebo and non-specific
physiologic effects to needle insertion [95]. Before going further into these three effects, two terms
should be clarified ahead. Although often being used alternatively in many articles, the terms,
sham acupuncture and placebo procedure, are not entirely equal in their meanings [96].
Pragmatically, sham acupuncture is defined as an ineffective and improper form of real
acupuncture treatment. Sham acupuncture can elicit both the placebo and the non-specific
physiologic effect to needle insertion. However, a placebo procedure should be really inert
(namely, this procedure is not allowed to induce any physiological response, including the
non-specific physiologic effect to needle insertion). Therefore, if a trial is to compare real
acupuncture and blank negative control (no treatment control), the efficacy of acupuncture
seemly cannot obtain conclusion (figure 2A). The therapeutic effect can either arise from point-
specific effect, placebo or non-specific physiologic effects to needle insertion in acupuncture group. It
is the usually case in early clinical trial. If a trial compared acupuncture with placebo treatment
such as mock transcutaneous electrical nerve stimulation (TENS), then conclusion will be, at
best, acupuncture elicits non-specific physiologic effects because, without needling, mock
TENS cannot rule out the possibility of non-specific effect in acupuncture treatment. Only
when a trial used minimal penetrating acupuncture at non-acupoints as sham treatment, then
the therapeutic effect of real acupuncture can be deduced (figure 2B).
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inhibitory pathways and may be the common pathway of analgesic and anti-inflammatory
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non-specific physiologic effect to needle insertion). Therefore, if a trial is to compare real
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seemly cannot obtain conclusion (figure 2A). The therapeutic effect can either arise from point-
specific effect, placebo or non-specific physiologic effects to needle insertion in acupuncture group. It
is the usually case in early clinical trial. If a trial compared acupuncture with placebo treatment
such as mock transcutaneous electrical nerve stimulation (TENS), then conclusion will be, at
best, acupuncture elicits non-specific physiologic effects because, without needling, mock
TENS cannot rule out the possibility of non-specific effect in acupuncture treatment. Only
when a trial used minimal penetrating acupuncture at non-acupoints as sham treatment, then
the therapeutic effect of real acupuncture can be deduced (figure 2B).
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Figure 2. Different inadequacies jeopardize the RCT results. A, the lack of sham acupuncture makes assessment of real
effect of acupuncture difficult. It is impossible to distinguish specific effect and non-specific effect of acupuncture
without sham control. B, with sham acupuncture, the specific effect is more detectable. C, if the acupuncture treat‐
ment wasn’t designed adequately, the specific effect of real acupuncture will be less significant along with the stron‐
ger placebo effects (the condition occurs often in migraine treatment). D, dashed line box is the area that subjective
assessment tool (such as pain severity) can measure. Solid line represents the objective assessment condition. Without
objective tool, specific effect could be ignored and significance between real and sham acupuncture vanish.
During early times, placebo effect of acupuncture is always a problem when it comes to clinical
trials. As the advent of sham procedures and devices, how to diminish the non-specific effect
of acupuncture dominates in modern acupuncture trials. One way is to maximally enhance
the specific effect of acupuncture. Adequate point selection thus becomes important. For
example, it happened in clinical trials to use identical acupoints for every patient in treatment
group. Although it seems reasonable to do that, better choice is individualized acupoint
selection according to meridian and TCM diagnosis. Otherwise, it will just like using penicillin
for any pathogens in pneumonia cases. Inadequate point selection in real acupuncture
treatment will obtain only non-specific and placebo effect, like minimal acupuncture (figure
2C). Above is the third precaution.
The final precaution is the outcome assessment, is especially important in analgesia trials.
Because pain is a very subjective symptom and acupuncture is a time-consuming treatment,
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placebo effect is usually amplified in both sham control and real acupuncture groups. If a trial
only assessed the outcome by subjective method such as visual analog scale (VAS) and then
the chance of overestimating placebo effect will increase and the chance to detect specific effect
will decrease. This is especially true when an inadequate point selection occurs in a trial using
minimal acupuncture as sham treatment (figure 2D). Therefore it is always important to assess
outcome with objective parameters (such as range of motion or dosage of medication) along
with objective ones (such as VAS or quality of life).
3.2. Pain syndromes
Pain syndromes are the most commonly conducted clinical trials using acupuncture all over
the world because of the strong evidence of AA in experimental models. This section will only
discuss some most-studied disorders, chronic headache, low back pain (LBP), osteoarthritis of
the knee (OAK) and postoperative pain.
3.2.1. Chronic headache
Before the era of RCT, early non-randomized or non-controlled studies [97] have already found
that acupuncture treatment can mitigate the severity and the times of migraine attack in a
short- and long-lasting pattern. RCT further confirmed the efficacy of real acupuncture on an
short- and long-term patterns [98] as well as its effect compared with conventional medication
(metoprolol) [99]. However, like other early clinical trials, there are several inadequacies within
these trials. For example, these trials are flawed by absence of concealment of allocation to
groups and blurred explanation of dropout and withdrawal. These inadequacies make the
result less convincing [100]. Another bias of early acupuncture trial is the lack of placebo or
sham group, so that it had been assumed that acupuncture placebo effect dominates. Indeed,
some researchers supported this assumption by their finding that acupuncture isn’t superior
to placebo [101-103].
In the introduction, we emphasize the importance of point selection. Originated from TCM, it
would be better to choose acupoints according to TCM diagnosis and meridian theory.
Therefore it is not surprising that some trials [101-103] concluded acupuncture as a placebo
because of their point selection. For example, none of abovementioned studies used the TCM
diagnosis (individualized assessment of patient’s constitution regardless of their disorder) to
choose acupoints. But if with individualized treatment, current trial conducted in Brazil was
able to reveal better pain relieve during real acupuncture than minimal acupuncture [104].
Although it would be better to go according to TCM and meridian theory, it is very difficult
to reproduce this kind of research conducted under the thinking process of TCM for its high
experimental requirements and complicity [103]. Treatments delivered by different practi‐
tioners or strategies always result in different outcomes. Sometimes, it depends on how
experienced the practitioners are; therefore current guideline (STRITCA) asks trialists to report
the qualification of their acupuncture practitioners. Indeed, a previous trial found that
acupuncture is a better preventive treatment for full blown migraine even in those patients
who had previous received ineffective acupuncture therapy [105]. By treating those patients
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outcome with objective parameters (such as range of motion or dosage of medication) along
with objective ones (such as VAS or quality of life).
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Pain syndromes are the most commonly conducted clinical trials using acupuncture all over
the world because of the strong evidence of AA in experimental models. This section will only
discuss some most-studied disorders, chronic headache, low back pain (LBP), osteoarthritis of
the knee (OAK) and postoperative pain.
3.2.1. Chronic headache
Before the era of RCT, early non-randomized or non-controlled studies [97] have already found
that acupuncture treatment can mitigate the severity and the times of migraine attack in a
short- and long-lasting pattern. RCT further confirmed the efficacy of real acupuncture on an
short- and long-term patterns [98] as well as its effect compared with conventional medication
(metoprolol) [99]. However, like other early clinical trials, there are several inadequacies within
these trials. For example, these trials are flawed by absence of concealment of allocation to
groups and blurred explanation of dropout and withdrawal. These inadequacies make the
result less convincing [100]. Another bias of early acupuncture trial is the lack of placebo or
sham group, so that it had been assumed that acupuncture placebo effect dominates. Indeed,
some researchers supported this assumption by their finding that acupuncture isn’t superior
to placebo [101-103].
In the introduction, we emphasize the importance of point selection. Originated from TCM, it
would be better to choose acupoints according to TCM diagnosis and meridian theory.
Therefore it is not surprising that some trials [101-103] concluded acupuncture as a placebo
because of their point selection. For example, none of abovementioned studies used the TCM
diagnosis (individualized assessment of patient’s constitution regardless of their disorder) to
choose acupoints. But if with individualized treatment, current trial conducted in Brazil was
able to reveal better pain relieve during real acupuncture than minimal acupuncture [104].
Although it would be better to go according to TCM and meridian theory, it is very difficult
to reproduce this kind of research conducted under the thinking process of TCM for its high
experimental requirements and complicity [103]. Treatments delivered by different practi‐
tioners or strategies always result in different outcomes. Sometimes, it depends on how
experienced the practitioners are; therefore current guideline (STRITCA) asks trialists to report
the qualification of their acupuncture practitioners. Indeed, a previous trial found that
acupuncture is a better preventive treatment for full blown migraine even in those patients
who had previous received ineffective acupuncture therapy [105]. By treating those patients
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within 48 hours after migraine attack, acupuncture can prevent mild migraine from exacer‐
bating to full blown one. Interestingly, in this trial (n=179), most of the participants (80%) had
previously received acupuncture for migraine without good success. This phenomenon
confirms the idea that adequate trial design influences the trial result.
In conclusion, acupuncture is an effective tool to eliminate headache pain during attack and
has short-term analgesic effect [106]. However, for lingering disorders like migraine, preven‐
tion is way more important than treatment for acute flare up. Acupuncture has been found to
be more effective than Flunarize [107] and topiramate [108] for migraine prophylaxis. Al‐
though these studies revealed a positive result for acupuncture therapy, without an adequate
sham or placebo design, it is still hard to elucidate acupuncture’s real prophylactic effect from
these studies. Indeed, one month after ending treatments, the difference between real and sham
acupuncture on pain reduction and numbers of attack became insignificant [104]. Further well-
designed trials are needed to elucidate the prophylactic effect of acupuncture on chronic
migraine
There is no consensus as to whether acupuncture is superior to sham acupuncture for treating
tension-type headache (TTH)[109]. Very few good quality trials have been conducted and their
conclusions are conflicting. Different researchers can conclude even the same data differently.
For instance, the result of one trial that implied no difference between real acupuncture and
superficial acupuncture (at non-acupoit without De Qi) was conducted in 1992 [110]. However,
later reviews reevaluated the data from the Tavola’s study and found positive results favoring
real acupuncture group [100, 111]. These reviews concluded that acupuncture was an effective
strategy for treating TTH but they also pointed out the most difficult issue of acupuncture
research is the placebo effect. Like migraine studies, some researches have concluded that
acupuncture is a placebo [112, 113].
Since the placebo effect of acupuncture analgesia is difficult to retort in headache trials,
researchers have tried to evade this effect by investigating the existence of any additional
phenomenon of acupuncture. For instance, in Karsta’s trial [114], they found that although
acupuncture did not significantly decrease the severity of TTH attack in comparison to sham,
it can objectively increase the pressure pain threshold. In other words, both groups felt the
same degree of pain but acupuncture group had higher pain threshold. The explanation for
this discrepancy between perception of pain and pain threshold is based on the strong placebo
effect of real acupuncture. During the treatments, real acupuncture and sham acupuncture can
reduce the perception of pain, in part mediated by placebo effect. It is especially the case
because TTH is related to emotional stressor and both treatments can offer participants a
relieved experience. But if this placebo effect is stronger enough in both treatments, then the
specific effect (decreased pain threshold) of real acupuncture will be masked by placebo due
to sampling and statistic limitation. This again reinforces our precaution that subjective
parameters (pain severity) should be assessed along with objective ones (pain threshold).
Applying this conclusion to the migraine research, it is easily to speculate that there are certain
specific therapeutic effects of real acupuncture causing objective changes in the patients with
migraine, as the change of the pressure pain threshold in patients with TTH treated by real
acupuncture. Indeed current trial suggested real acupuncture changes heart rate variability
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(HRV) despite there are no significant difference in pain severity between placebo and real
acupuncture [115]. Although this HRV change isn’t easily correlated to migraine, ANS
alteration may reflect hormonal, hemodynamic, electrophysiological or neural changes that
can influence migraine.
In conclusion, acupuncture is effective in treating chronic headache. Because chronic headache
may have psychogenic symptom component, the benefit of acupuncture might be partly
contributed to the placebo effect of acupuncture; however, acupuncture dose elicit specific
therapeutic effects that sham acupuncture dose not produce. Future trials should focus on
develop objective assessment tools.
3.2.2. Lower back pain
Low back pain (LBP) may be the most popular pain condition for acupuncture trials. Although
LBP is a self-limiting disease [116], it is a major cause of medical expenses, absenteeism and
disablement [117]. Acupuncture is one of the most common complementary therapies for LBP.
Early RCTs showed that acupuncture is superior to no treatment [118-120] in the pain scores,
the dosages of pain pills, the limitation of activity and total hours of pain per. However, these
early trials possess many serious flaws, such as poor description of statistical analysis and
study protocol (including point selection, duration, interval, stimulation type and so on), small
patient numbers, and unclear outcome measurements. As in chronic headache, these kinds of
problems perplex most early clinical trials [121]. In these early clinical trials, we can also notice
that the validity of a trial is correlated with the results. More valid the trials are, more likely
the negative results are shown [122]. Therefore, again, it had been speculated that acupuncture
is placebo effect [123]. However, current meta-analysis showed encouraging result of acu‐
puncture treatment for patient with chronic LBP. Immediately after treatments, patients
received acupuncture significantly had better reduction in pain intensity than placebo group
[124]. However, long-term benefit cannot be observed in this meta-analysis. More RCTs may
be needed to clarify the long-term effect, but more rigid design is equal important, especially
for “point selection” and “outcome assessment”.
Interestingly, compared with minimal acupuncture, individualized point selection in acu‐
puncture treatment elicited better result in pain reduction [125]; whereas fixed point brought
out non-superior pain reduction [123]. In both studies, acupuncture was used as a supplement
to standard treatments. The phenomenon that acupuncture at individualized acupoints was
more effective than minimal acupuncture but equal result of acupuncture at fixed point and
minimal acupuncture implies the importance of strong non-specific and placebo effect of
minimal acupuncture and fixed point strategy. Chronic LBP is not a specific diagnosis; it may
consist of different disorders in different trials. If adequate acupuncture treatment cannot be
given, non-specific and placebo effect then head up.
Outcome assessment by VAS and functional disability is still prevalent in acupuncture RCTs.
However, the following example will ascertain again the importance of objective assessment
tool. Being conducted in Germany [126] with considerable large numbers of volunteers and a
firm methodological design, this research had been a strong cons of beneficial effect of
acupuncture. The researchers aimed to determine whether acupuncture has a better thera‐
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may have psychogenic symptom component, the benefit of acupuncture might be partly
contributed to the placebo effect of acupuncture; however, acupuncture dose elicit specific
therapeutic effects that sham acupuncture dose not produce. Future trials should focus on
develop objective assessment tools.
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LBP is a self-limiting disease [116], it is a major cause of medical expenses, absenteeism and
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the dosages of pain pills, the limitation of activity and total hours of pain per. However, these
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that the validity of a trial is correlated with the results. More valid the trials are, more likely
the negative results are shown [122]. Therefore, again, it had been speculated that acupuncture
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puncture treatment for patient with chronic LBP. Immediately after treatments, patients
received acupuncture significantly had better reduction in pain intensity than placebo group
[124]. However, long-term benefit cannot be observed in this meta-analysis. More RCTs may
be needed to clarify the long-term effect, but more rigid design is equal important, especially
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Interestingly, compared with minimal acupuncture, individualized point selection in acu‐
puncture treatment elicited better result in pain reduction [125]; whereas fixed point brought
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to standard treatments. The phenomenon that acupuncture at individualized acupoints was
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minimal acupuncture implies the importance of strong non-specific and placebo effect of
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given, non-specific and placebo effect then head up.
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However, the following example will ascertain again the importance of objective assessment
tool. Being conducted in Germany [126] with considerable large numbers of volunteers and a
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peutic effect for chronic LBP than the minimal acupuncture (sham) and no treatment. After a
long period of follow-up (8, 26 and 52 weeks) and with multiple measurements of outcomes
(VAS; SF-36, 36-Item Short-Form Quality of Life Questionnaire; SES, Schmerzempfindungs‐
skala (questionnaire for assessing the emotional aspects of pain); ADS, Allgemeine Depres‐
sionsskala (depression scale)), they concluded that acupuncture is better than no treatment but
not better than sham acupuncture in pain relief. Only slightly improvement (compared with
sham acupuncture) in functional outcome (SF-36 and times of limited function) in the acu‐
puncture group was observed between baseline and follow-up periods. However, read it
details, a significant pain relief of acupuncture treatment will be found if according to the need
of medication in their discussion portion. Acupuncture group need less medication and has
better functional outcomes than sham one. Dose that turn out to be strong pros of beneficial
acupuncture effect?
Another interesting question is how long the acupuncture analgesia can last. According to a 2-
years follow-up study, acupuncture can induce an analgesic effect in chronic LPB patients for at
least 2 years [127]. Furthermore, an observational study [128] investigated the patients’ out‐
comes after acupuncture. This observation included a total of 2564 patients treated by 1607
practitioners. It was shown that both functional outcomes and pain severity improved. In
addition, the study also suggested that acupuncture could prevent LBP change to a chronic state.
In conclusion, acupuncture is a valid strategy for chronic LBP treatment. It can reduce the
severity of and improve the functional outcomes in patients. Acupuncture seems to be a
specific treatment rather than a placebo, although some authors do not agree. Combination of
acupuncture and conventional interventions is a better choice for patient with chronic LBP.
3.2.3. Osteoarthritis of the Knees (OAK)
In TCM, OAK has long been treated by acupuncture. The major discomforts associated with
OAK are pain and dysfunction of movement. Early pilot study revealed that acupuncture
relieved pain and improved function in patients with OAK [129]. A later small RCT (n=73)
confirmed that acupuncture group is superior in pain and functional outcomes to standard
care group, even 4 weeks after treatment had been terminated [130]. However, take the non-
specific and placebo effects into account, these results aren’t convincing.
It is worth mentioning an interesting sham treatment used in Berman’s trial [131]. First, they
used plastic guidance tubes to mask their procedure. With the plastic tubes covering the true
acupoints on the skin, the participants, who had never undergo prior acupuncture therapy,
were not able to tell whether or not the needles were being inserted. In the acupuncture group,
the needles were inserted (with De Qi sensation); in the sham group, the needles were not
inserted. In addition to acupuncture at the acupoints that are commonly used for relieving
knee pain, the researchers also needled at distal sham points on the abdomen that did not
correspond to knee pain. The sham points were also covered by plastic guidance tubes. In the
acupuncture group, the needles were not inserted into the sham points, whereas in the sham
group, the needles were inserted into. Therefore, in the acupuncture group, the patients
received real needling at the true acupoints and sham needling at the sham points; in the sham
group, the patients received sham needling at the true acupoints and real needling at the sham
Acupuncture in Modern Medicine16
points. In this crossover way, they can investigate effects of both placebo (true acupoints
without needling) and non-specific physiologic effects to needle insertion (sham acupoints
with needling) at the same time. The study comprised a total of 570 patients randomized into
3 groups, true acupuncture, sham acupuncture and education. Treatment was tapered over 26
months (2 treatments every week for 8 weeks; 1 treatment every week for 2 weeks; 1 treatment
every 2 weeks for 4 weeks; and 1 treatment per month for 12 weeks). After a long period of
follow-up (26 weeks post-baseline period), there are still 142 and 141 participants available in
the acupuncture and sham groups, respectively. Most of the participants in both true and sham
acupuncture groups reported that they had received true acupuncture. This suggested that
this sham treatment is a credible blinding procedure and this sham acupuncture might elicit
a similar degree of placebo effect as true acupuncture. Those who were received true acu‐
puncture experienced better pain and functional outcomes; however, a significant difference
in pain relief between the groups was not observed until 14 weeks. This implies that true
acupuncture improves short-term and long-term functional outcomes, whereas the analgesia
effect takes longer time to be elicited.
Other studies also suggested similar results that acupuncture is a benefit to the patients with
OAK; however these studies showed that acupuncture can also elicited a short-term analgesia
effect [132, 133]. These conflicting results might be due to the different placebo procedures or
different treatment protocols.
In conclusion, although few reported discouraging results [134, 135], most of the trials
published so far have shown preferable result of real acupuncture, especially in short-term
pain and functional outcomes [136]. It is worth noting that, unlike acupuncture for chronic
LBP, there is a general consensus among most studies that acupuncture is an effective
treatment for OAK. Furthermore, its effectiveness (both in pain relief and functional improve‐
ment) seems not caused by the placebo or non-specific effects. This difference in effectiveness
between these two diseases (LBP and OAK) might be due to the characteristics of the diseases.
LBP is a heterogeneous syndrome comprising various disorders; it is an ambiguous and
indistinct term. In contrast, OAK is a relatively clear and precise term to LBP. The diagnosis
of OAK needs to meet many clinical criteria including imaging findings. Accordingly, there is
less heterogeneity in OKA population than LBP.
3.2.4. Post-operative Pain
The prototype of modern acupuncture analgesia research is the minor surgeries such as
thyroidectomy under acupuncture anesthesia performed in Mainland China [137]. Although
in some recent reports it did not achieve excellent result [138, 139], this issue still fascinates
researcher to assess the difference of anesthesia dose between acupuncture and control group
[140, 141]. It has been shown that the fentanyl dose for anesthesia maintenance is significant
lower in patient group who also receive auricular acupuncture than sham one [140]. Instead
of acupuncture anesthesia, it is more common to use acupuncture as painkiller after surgery
(post-operative pain). Previous trials have shown both equivocal [142] and negative results
[143] of acupuncture for post-operative pain relieving. A more rigorous trial has demonstrated
that acupuncture elicited a short-term analgesia effect in patients after oral surgery [144]. In
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peutic effect for chronic LBP than the minimal acupuncture (sham) and no treatment. After a
long period of follow-up (8, 26 and 52 weeks) and with multiple measurements of outcomes
(VAS; SF-36, 36-Item Short-Form Quality of Life Questionnaire; SES, Schmerzempfindungs‐
skala (questionnaire for assessing the emotional aspects of pain); ADS, Allgemeine Depres‐
sionsskala (depression scale)), they concluded that acupuncture is better than no treatment but
not better than sham acupuncture in pain relief. Only slightly improvement (compared with
sham acupuncture) in functional outcome (SF-36 and times of limited function) in the acu‐
puncture group was observed between baseline and follow-up periods. However, read it
details, a significant pain relief of acupuncture treatment will be found if according to the need
of medication in their discussion portion. Acupuncture group need less medication and has
better functional outcomes than sham one. Dose that turn out to be strong pros of beneficial
acupuncture effect?
Another interesting question is how long the acupuncture analgesia can last. According to a 2-
years follow-up study, acupuncture can induce an analgesic effect in chronic LPB patients for at
least 2 years [127]. Furthermore, an observational study [128] investigated the patients’ out‐
comes after acupuncture. This observation included a total of 2564 patients treated by 1607
practitioners. It was shown that both functional outcomes and pain severity improved. In
addition, the study also suggested that acupuncture could prevent LBP change to a chronic state.
In conclusion, acupuncture is a valid strategy for chronic LBP treatment. It can reduce the
severity of and improve the functional outcomes in patients. Acupuncture seems to be a
specific treatment rather than a placebo, although some authors do not agree. Combination of
acupuncture and conventional interventions is a better choice for patient with chronic LBP.
3.2.3. Osteoarthritis of the Knees (OAK)
In TCM, OAK has long been treated by acupuncture. The major discomforts associated with
OAK are pain and dysfunction of movement. Early pilot study revealed that acupuncture
relieved pain and improved function in patients with OAK [129]. A later small RCT (n=73)
confirmed that acupuncture group is superior in pain and functional outcomes to standard
care group, even 4 weeks after treatment had been terminated [130]. However, take the non-
specific and placebo effects into account, these results aren’t convincing.
It is worth mentioning an interesting sham treatment used in Berman’s trial [131]. First, they
used plastic guidance tubes to mask their procedure. With the plastic tubes covering the true
acupoints on the skin, the participants, who had never undergo prior acupuncture therapy,
were not able to tell whether or not the needles were being inserted. In the acupuncture group,
the needles were inserted (with De Qi sensation); in the sham group, the needles were not
inserted. In addition to acupuncture at the acupoints that are commonly used for relieving
knee pain, the researchers also needled at distal sham points on the abdomen that did not
correspond to knee pain. The sham points were also covered by plastic guidance tubes. In the
acupuncture group, the needles were not inserted into the sham points, whereas in the sham
group, the needles were inserted into. Therefore, in the acupuncture group, the patients
received real needling at the true acupoints and sham needling at the sham points; in the sham
group, the patients received sham needling at the true acupoints and real needling at the sham
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points. In this crossover way, they can investigate effects of both placebo (true acupoints
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with needling) at the same time. The study comprised a total of 570 patients randomized into
3 groups, true acupuncture, sham acupuncture and education. Treatment was tapered over 26
months (2 treatments every week for 8 weeks; 1 treatment every week for 2 weeks; 1 treatment
every 2 weeks for 4 weeks; and 1 treatment per month for 12 weeks). After a long period of
follow-up (26 weeks post-baseline period), there are still 142 and 141 participants available in
the acupuncture and sham groups, respectively. Most of the participants in both true and sham
acupuncture groups reported that they had received true acupuncture. This suggested that
this sham treatment is a credible blinding procedure and this sham acupuncture might elicit
a similar degree of placebo effect as true acupuncture. Those who were received true acu‐
puncture experienced better pain and functional outcomes; however, a significant difference
in pain relief between the groups was not observed until 14 weeks. This implies that true
acupuncture improves short-term and long-term functional outcomes, whereas the analgesia
effect takes longer time to be elicited.
Other studies also suggested similar results that acupuncture is a benefit to the patients with
OAK; however these studies showed that acupuncture can also elicited a short-term analgesia
effect [132, 133]. These conflicting results might be due to the different placebo procedures or
different treatment protocols.
In conclusion, although few reported discouraging results [134, 135], most of the trials
published so far have shown preferable result of real acupuncture, especially in short-term
pain and functional outcomes [136]. It is worth noting that, unlike acupuncture for chronic
LBP, there is a general consensus among most studies that acupuncture is an effective
treatment for OAK. Furthermore, its effectiveness (both in pain relief and functional improve‐
ment) seems not caused by the placebo or non-specific effects. This difference in effectiveness
between these two diseases (LBP and OAK) might be due to the characteristics of the diseases.
LBP is a heterogeneous syndrome comprising various disorders; it is an ambiguous and
indistinct term. In contrast, OAK is a relatively clear and precise term to LBP. The diagnosis
of OAK needs to meet many clinical criteria including imaging findings. Accordingly, there is
less heterogeneity in OKA population than LBP.
3.2.4. Post-operative Pain
The prototype of modern acupuncture analgesia research is the minor surgeries such as
thyroidectomy under acupuncture anesthesia performed in Mainland China [137]. Although
in some recent reports it did not achieve excellent result [138, 139], this issue still fascinates
researcher to assess the difference of anesthesia dose between acupuncture and control group
[140, 141]. It has been shown that the fentanyl dose for anesthesia maintenance is significant
lower in patient group who also receive auricular acupuncture than sham one [140]. Instead
of acupuncture anesthesia, it is more common to use acupuncture as painkiller after surgery
(post-operative pain). Previous trials have shown both equivocal [142] and negative results
[143] of acupuncture for post-operative pain relieving. A more rigorous trial has demonstrated
that acupuncture elicited a short-term analgesia effect in patients after oral surgery [144]. In
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that study, acupuncture group received real needle treatment with De Qi needling sensation.
Those in the placebo group were not needled, but instead received treatment with discernible
tapped sensation by plastic tube on the area next to the acupoints chosen in the acupuncture
group. In this way, the feeling that they have been treated in the placebo group can produce
a placebo effect on them. Significantly longer post-operative pain-free period; delayed for
sensing moderate pain and the need for the first dose of rescue pain medication was observed
in the acupuncture group. However, these effects did not last longer than one week. This
phenomenon suggests that acupuncture can elicit a short-term analgesic effect, in consistent
with other pain syndromes. The acupuncture treatment timing for postoperative pain control
is another interesting issue that has been studied in two different trials. In detail, these two
trials were conducted by needling at similar acupoints (local ST6 and ST7 and distant LI4
among others) and a similar stimulation (manual acupuncture to achieve the De Qi sensation)
but their results are opposite. Ekblom’s trial has shown that there is no different of pain severity
between the acupuncture and placebo group. The most obvious difference in study design
between these two trials is the timing of intervention. The optimal timing of acupuncture are
shown to be immediately after an operation [144] rather than before or 2-4 hours after an
operation. A pretreatment of acupuncture attempted to prevent post-operative pain of oral
surgery is in vain and as well as delayed acupuncture [143]. Based on the above study, we can
assume that the timing of acupuncture intervention determined its analgesic effect on post-
operative pain.
Acupuncture analgesia has also been studied in patients after the major abdominal surgery
and it has been suggested that preoperative EA elicited no preventive analgesia after hyster‐
ectomy [142]. In this study, EA (100 Hz) was begun 20 minutes before skin incision and
maintain until the end of the operation; the patients in the control group did not receive EA.
The authors found no significant differences between two groups in pain severity, analgesics
requirement and patients’ stress states. However, this result is not consistent with a latter
findings that shown the total amount of morphine [145] or fentanyl [146] required for pain
control was significantly less in patients who received preoperative acupuncture than in
patients in the control group. In Lin’s trial, there were four groups included (control group
without needling, sham EA group with needling but no electric stimulation, low-EA group
with 2 Hz electric stimulation and high-EA with 100 Hz) and acupuncture treatment was
performed 20 minutes before the induction of anesthesia. The analgesic effect is significant in
patients who received higher frequency EA.
The conflict between these three trials can be contributed to the timing of intervention again.
According to section 1 in this chapter, acupuncture analgesia is mediated by the regulation of
CNS; however, under anesthesia, the CNS might not be able to activate neuronal and hormonal
systems, which are correspond to acupuncture analgesia. In Christensen’s study EA started
after induction of anesthesia; therefore the analgesia effect of acupuncture may be reduced or
eliminated by anesthesia. However, In Lin’s and Coura’s studies, acupuncture was performed
before induction of anesthesia in order to elicit reliable CNS reactions.
Transcutaneous nerve electric stimulation (TENS) is a procedure that the electrodes are directly
stuck on the skins. Although, the possible mechanism of TENS was found to be different from
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that of traditional acupuncture or EA [147], we still can compared a study using TENS with
Lin’s [145] study to clarify the role of electric stimulation plays in analgesic effect. TENS at
specific acupoints (ST36) has been shown to be more effective at inducing analgesia than TENS
at non-acupoints after lower abdominal surgeries [148]. This phenomenon suggested that the
analgesic effect is determined by the location the stimulation is given instead by electric
stimulation that we apply. Therefore, we can speculate that both sham EA and real EA at non-
acupoints cannot induce an effective analgesic effect as that in Lin’s study [145].
Taken together, acupuncture and TENS at specific acupoints may provided a valid strategy
for post-operative analgesia. The best timing to introduce acupuncture is 20-30 minutes before
induction of anesthesia in major abdominal surgery and immediately after oral surgery.
3.3. Metabolic syndrome
Using acupuncture and herbal medicine to control weight is very popular in oriental countries.
The beneficial effect of acupuncture on metabolism drives clinicians to conduct clinical trial
on weight reduction and hypertension. There are two different methods of acupuncture for
weight reduction, somatic (body) and auricular (ear) acupuncture. Both of them have their
advantages. For example, somatic acupuncture is claimed to be able to enhance local fat
metabolism [149], and auricular acupuncture is more convenient in clinical practicing. Indeed,
crossover and pilot trials have documented benefit effect of EA on body weight (BW), BMI and
waist circumference (WC) in obese women [150, 151]. Bimodal somatic acupoints, including
CV6, CV9, ST28, K14 locally on abdomen and ST36, ST40, SP6 distally on legs, were chosen
according to TCM theory in these trials. The effectiveness of this kind of bimodal point selection
strongly implied the involvement of the CNS and related homeostatic nuclei (activated by
diatal acupoints) in additional to focal metabolic effect (activated by local abdomen acupoints).
As to auricular acupuncture, assumed mechanisms for weight reduction are involved the ANS
(sympathomimetic effect) [152], leptin and ghrelin[153]. However, there is no RCT to verify
the acupuncture effect on weight loss and we are suggesting future RCTs to compare the effect
of either local (abdomen) or distal (leg, arm, aricular) acupoints roles.
3.4. Neurological disorders
Since major effective site of acupuncture stimulation is the brain, it has been used for treating
neurological diseases other than pain. One of the popular topics is the effect of acupuncture
treatment on stroke rehabilitation. For example, early trials have suggested that electric stimula‐
tion at some acupoints enhanced the neurological function in patients with hemiplegic stroke
[154] and spinal cord injury[155]. Further RCT implied more balance improvement in stroke
patients treated by true manual acupuncture [156]. Compared with control group who re‐
ceived acupuncture treatment without the sensation of “De Qi”, true manual acupuncture at
GV20 (Baihui) and 4 Spirit acupoints elicited an immediate effect on several balance parame‐
ters. It is important to understand the effect of stimulation modalities. In animal study, optimal
scalp EA (5-20Hz) can increase blood flow during acute infraction, reduce infraction area and
restore blood flow after acute infraction [157]. Our previous animal studies have revealed that
EA at ST36 (Zusanli) increased the cerebral blood flow (CBF) in cerebral ischemia rats [158].
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that study, acupuncture group received real needle treatment with De Qi needling sensation.
Those in the placebo group were not needled, but instead received treatment with discernible
tapped sensation by plastic tube on the area next to the acupoints chosen in the acupuncture
group. In this way, the feeling that they have been treated in the placebo group can produce
a placebo effect on them. Significantly longer post-operative pain-free period; delayed for
sensing moderate pain and the need for the first dose of rescue pain medication was observed
in the acupuncture group. However, these effects did not last longer than one week. This
phenomenon suggests that acupuncture can elicit a short-term analgesic effect, in consistent
with other pain syndromes. The acupuncture treatment timing for postoperative pain control
is another interesting issue that has been studied in two different trials. In detail, these two
trials were conducted by needling at similar acupoints (local ST6 and ST7 and distant LI4
among others) and a similar stimulation (manual acupuncture to achieve the De Qi sensation)
but their results are opposite. Ekblom’s trial has shown that there is no different of pain severity
between the acupuncture and placebo group. The most obvious difference in study design
between these two trials is the timing of intervention. The optimal timing of acupuncture are
shown to be immediately after an operation [144] rather than before or 2-4 hours after an
operation. A pretreatment of acupuncture attempted to prevent post-operative pain of oral
surgery is in vain and as well as delayed acupuncture [143]. Based on the above study, we can
assume that the timing of acupuncture intervention determined its analgesic effect on post-
operative pain.
Acupuncture analgesia has also been studied in patients after the major abdominal surgery
and it has been suggested that preoperative EA elicited no preventive analgesia after hyster‐
ectomy [142]. In this study, EA (100 Hz) was begun 20 minutes before skin incision and
maintain until the end of the operation; the patients in the control group did not receive EA.
The authors found no significant differences between two groups in pain severity, analgesics
requirement and patients’ stress states. However, this result is not consistent with a latter
findings that shown the total amount of morphine [145] or fentanyl [146] required for pain
control was significantly less in patients who received preoperative acupuncture than in
patients in the control group. In Lin’s trial, there were four groups included (control group
without needling, sham EA group with needling but no electric stimulation, low-EA group
with 2 Hz electric stimulation and high-EA with 100 Hz) and acupuncture treatment was
performed 20 minutes before the induction of anesthesia. The analgesic effect is significant in
patients who received higher frequency EA.
The conflict between these three trials can be contributed to the timing of intervention again.
According to section 1 in this chapter, acupuncture analgesia is mediated by the regulation of
CNS; however, under anesthesia, the CNS might not be able to activate neuronal and hormonal
systems, which are correspond to acupuncture analgesia. In Christensen’s study EA started
after induction of anesthesia; therefore the analgesia effect of acupuncture may be reduced or
eliminated by anesthesia. However, In Lin’s and Coura’s studies, acupuncture was performed
before induction of anesthesia in order to elicit reliable CNS reactions.
Transcutaneous nerve electric stimulation (TENS) is a procedure that the electrodes are directly
stuck on the skins. Although, the possible mechanism of TENS was found to be different from
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that of traditional acupuncture or EA [147], we still can compared a study using TENS with
Lin’s [145] study to clarify the role of electric stimulation plays in analgesic effect. TENS at
specific acupoints (ST36) has been shown to be more effective at inducing analgesia than TENS
at non-acupoints after lower abdominal surgeries [148]. This phenomenon suggested that the
analgesic effect is determined by the location the stimulation is given instead by electric
stimulation that we apply. Therefore, we can speculate that both sham EA and real EA at non-
acupoints cannot induce an effective analgesic effect as that in Lin’s study [145].
Taken together, acupuncture and TENS at specific acupoints may provided a valid strategy
for post-operative analgesia. The best timing to introduce acupuncture is 20-30 minutes before
induction of anesthesia in major abdominal surgery and immediately after oral surgery.
3.3. Metabolic syndrome
Using acupuncture and herbal medicine to control weight is very popular in oriental countries.
The beneficial effect of acupuncture on metabolism drives clinicians to conduct clinical trial
on weight reduction and hypertension. There are two different methods of acupuncture for
weight reduction, somatic (body) and auricular (ear) acupuncture. Both of them have their
advantages. For example, somatic acupuncture is claimed to be able to enhance local fat
metabolism [149], and auricular acupuncture is more convenient in clinical practicing. Indeed,
crossover and pilot trials have documented benefit effect of EA on body weight (BW), BMI and
waist circumference (WC) in obese women [150, 151]. Bimodal somatic acupoints, including
CV6, CV9, ST28, K14 locally on abdomen and ST36, ST40, SP6 distally on legs, were chosen
according to TCM theory in these trials. The effectiveness of this kind of bimodal point selection
strongly implied the involvement of the CNS and related homeostatic nuclei (activated by
diatal acupoints) in additional to focal metabolic effect (activated by local abdomen acupoints).
As to auricular acupuncture, assumed mechanisms for weight reduction are involved the ANS
(sympathomimetic effect) [152], leptin and ghrelin[153]. However, there is no RCT to verify
the acupuncture effect on weight loss and we are suggesting future RCTs to compare the effect
of either local (abdomen) or distal (leg, arm, aricular) acupoints roles.
3.4. Neurological disorders
Since major effective site of acupuncture stimulation is the brain, it has been used for treating
neurological diseases other than pain. One of the popular topics is the effect of acupuncture
treatment on stroke rehabilitation. For example, early trials have suggested that electric stimula‐
tion at some acupoints enhanced the neurological function in patients with hemiplegic stroke
[154] and spinal cord injury[155]. Further RCT implied more balance improvement in stroke
patients treated by true manual acupuncture [156]. Compared with control group who re‐
ceived acupuncture treatment without the sensation of “De Qi”, true manual acupuncture at
GV20 (Baihui) and 4 Spirit acupoints elicited an immediate effect on several balance parame‐
ters. It is important to understand the effect of stimulation modalities. In animal study, optimal
scalp EA (5-20Hz) can increase blood flow during acute infraction, reduce infraction area and
restore blood flow after acute infraction [157]. Our previous animal studies have revealed that
EA at ST36 (Zusanli) increased the cerebral blood flow (CBF) in cerebral ischemia rats [158].
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Acupuncture at GV20 (Baihui) enhanced the dopamine level and protected the neurons from
apoptosis in the ischemia-reperfusion injured brains of rats [159]. Consistently, RCT also suggests
scalp EA (2Hz) but not sham EA, improve functional outcomes after acupuncture [160]. It seems
that adequate stimulation protocol is the major determinant of acupuncture treatment effect for
ischemic brain injury. For example, RCT using 100Hz scalp EA cannot produce superior
functional recovery in stroke patients compared with mock TENS [161].
In addition to scalp acupuncture, EA (1Hz) at cognition-related acupoints enhanced the
cognitive function in patients with stroke [162]. Lin’s group concluded that EA at PC6
(Neiquan) and HT7 (Shenmen) shown a promising effect for rehabilitation in stroke patients.
Taken together, acupuncture treatments have benefit effects on the ischemic brain.
Another common acupuncture indication is peripheral neuropathy. As mentioned in previous
section (see Current researches in hyperalgesia models), EA can attenuate hyperalgesia at
peripheral and central level. Current research showed acupuncture can reduce severity of
neuropathic pain in different neuropathies [163-165], but another sham control trial didn’t
support acupuncture [166]. More RCTs are needed to elucidate the real effect of acupuncture
on peripheral neuropathies.
3.5. Asthma and atopic diseases
Anti-inflammation effect of acupuncture through ANS and immune systems make it a possible
treatment for atopic diseases such as asthma, allergic rhinitis and eczema, but only few trials
have been published in asthma [167, 168], allergic rhinitis [169] and eczema [170], therefore no
conclusion can be made so far. However, in Scheewe’s trial, acupuncture can improve
rehabilitation response and the peak expiratory flow variability differs significantly, which
means that acupuncture seems able to stabilize asthmatic airway. Further RCTs are needed to
elucidate acupuncture effect on asthma.
4. Conclusion
From basic studies on AA to RCTs, current acupuncture researches illustrate us the diversities
and possibilities of this traditional medicine playing an role in modern medicine. Commonly
accepted by western countries, acupuncture studies first began at analgesia. The analgesic
effect may be originated from cerebral cortex, brainstem, spinal dorsal horn, DRG to peripheral
tissues. The study of the acupuncture mechanism and exact pathway are still in process.
However, involvement of AAC, hypothalamus, PAG, NRM is more evident to date. Inhibitory
interneuron and ANS are current focuses on acupuncture research. Results form these studies
to date have shown effects of acupuncture on synaptic plasticity and cholinergic reflex. The
clinical trials of pain syndromes have offered different level of evidences to support basic
studies on AA. Short-term pain relief can be observed in migraine, chronic low back pain, post-
operative pain and osteoarthritis of the knee. The effect of acupuncture seems longer in
osteoarthritis and low back pain.
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Since CNS has been long believed to initiate acupuncture effect, functional studies such as
fMRI and electrophysiology have been utilized to test it. The results confirmed the crucial role
of CNS on acupuncture-mediated therapeutic effects. But it is also suggested some limitations
of these tools. For example, spatial analysis of brain activity by fMRI is not as adequate as
analysis of brain network connectivity. As to clinical trials, stroke is a current concern. Many
trials suggested better functional outcomes in stroke patients treated with acupuncture. The
effect is frequency-dependent, lower frequency (1-5 Hz) EA is more effective.
Diabetes and obesity are two major modern healthy issues all over the world. In animal models,
the acupuncture effect on blood glucose is mediated by serotonin and endogenous opioids.
The influence of acupuncture on metabolism also occurs at cellular level. Therefore, it is
believed acupuncture can enhance metabolism in general and it has been used as a tool for
weight reduction. Currently, no rigid RCTs available to verify the real effect of acupuncture
on body weight. So is true for Asthma. Preliminary report suggested acupuncture can stabilize
airway, but, like weight reduction, the effect is still unclear in the lack of rigid RCTs.
5. Summary
Being one of  the major  categories  of  complementary and alternative medicines (CAMs),
acupuncture might be the most explored one. Despite current acupuncture researches have
explored more diverse phenomenon such as anti-inflammation and regulation of homeostasis,
neural system is still the main target. Early studies suggested that the central opioids and serotonin
mediate analgesic effect of acupuncture. Current studies further illustrated the roles of synap‐
tic plasticity and cholinergic reflex in acupuncture treatment. It is believed that acupuncture is
able to modulate hyperalgesia and inflammation at levels of receptor proteins. Although the
central nervous system (CNS) has been studied extensively, acupuncture effect on cerebral cortex
is still in the scientific spotlight. Function imaging and electrophysiology studies have shown
complicated networks that acupuncture involves in. Take the whole CNS into account; axes
composing certain CNS regions are activated by acupuncture.  For example,  the anterior
cingulated cortex (ACC)-arcuate-periagueductal gray (PAG)-nucleus raphes magnus (NRM)
axis participates in analgesic effect of lower frequency electroacupuncture (EA).
Series of studies consolidated the beneficial effect of acupuncture on animal model of diabetes
that blood glucose and insulin statuses are influenced by EA. These effects are also partly
mediated by opioid and serotonin. In real clinical setting, acupuncture is used for weight
reduction rather than for diabetes. Some current trials have validated its effectiveness as to
weight reduction. Clinical trials on pain syndromes, stroke, neuropathy and asthma also have
revealed different degrees of benefit of acupuncture treatment. Clinical research work on
acupuncture has been carry on for many decades, most dominant in pain syndromes, namely
chronic headache, low back pain, osteoarthritis and post-operative pain. However, some study
result may possess inadequacies, such as fixed acupoint selection and the lack of objective
assessment.
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Acupuncture at GV20 (Baihui) enhanced the dopamine level and protected the neurons from
apoptosis in the ischemia-reperfusion injured brains of rats [159]. Consistently, RCT also suggests
scalp EA (2Hz) but not sham EA, improve functional outcomes after acupuncture [160]. It seems
that adequate stimulation protocol is the major determinant of acupuncture treatment effect for
ischemic brain injury. For example, RCT using 100Hz scalp EA cannot produce superior
functional recovery in stroke patients compared with mock TENS [161].
In addition to scalp acupuncture, EA (1Hz) at cognition-related acupoints enhanced the
cognitive function in patients with stroke [162]. Lin’s group concluded that EA at PC6
(Neiquan) and HT7 (Shenmen) shown a promising effect for rehabilitation in stroke patients.
Taken together, acupuncture treatments have benefit effects on the ischemic brain.
Another common acupuncture indication is peripheral neuropathy. As mentioned in previous
section (see Current researches in hyperalgesia models), EA can attenuate hyperalgesia at
peripheral and central level. Current research showed acupuncture can reduce severity of
neuropathic pain in different neuropathies [163-165], but another sham control trial didn’t
support acupuncture [166]. More RCTs are needed to elucidate the real effect of acupuncture
on peripheral neuropathies.
3.5. Asthma and atopic diseases
Anti-inflammation effect of acupuncture through ANS and immune systems make it a possible
treatment for atopic diseases such as asthma, allergic rhinitis and eczema, but only few trials
have been published in asthma [167, 168], allergic rhinitis [169] and eczema [170], therefore no
conclusion can be made so far. However, in Scheewe’s trial, acupuncture can improve
rehabilitation response and the peak expiratory flow variability differs significantly, which
means that acupuncture seems able to stabilize asthmatic airway. Further RCTs are needed to
elucidate acupuncture effect on asthma.
4. Conclusion
From basic studies on AA to RCTs, current acupuncture researches illustrate us the diversities
and possibilities of this traditional medicine playing an role in modern medicine. Commonly
accepted by western countries, acupuncture studies first began at analgesia. The analgesic
effect may be originated from cerebral cortex, brainstem, spinal dorsal horn, DRG to peripheral
tissues. The study of the acupuncture mechanism and exact pathway are still in process.
However, involvement of AAC, hypothalamus, PAG, NRM is more evident to date. Inhibitory
interneuron and ANS are current focuses on acupuncture research. Results form these studies
to date have shown effects of acupuncture on synaptic plasticity and cholinergic reflex. The
clinical trials of pain syndromes have offered different level of evidences to support basic
studies on AA. Short-term pain relief can be observed in migraine, chronic low back pain, post-
operative pain and osteoarthritis of the knee. The effect of acupuncture seems longer in
osteoarthritis and low back pain.
Acupuncture in Modern Medicine20
Since CNS has been long believed to initiate acupuncture effect, functional studies such as
fMRI and electrophysiology have been utilized to test it. The results confirmed the crucial role
of CNS on acupuncture-mediated therapeutic effects. But it is also suggested some limitations
of these tools. For example, spatial analysis of brain activity by fMRI is not as adequate as
analysis of brain network connectivity. As to clinical trials, stroke is a current concern. Many
trials suggested better functional outcomes in stroke patients treated with acupuncture. The
effect is frequency-dependent, lower frequency (1-5 Hz) EA is more effective.
Diabetes and obesity are two major modern healthy issues all over the world. In animal models,
the acupuncture effect on blood glucose is mediated by serotonin and endogenous opioids.
The influence of acupuncture on metabolism also occurs at cellular level. Therefore, it is
believed acupuncture can enhance metabolism in general and it has been used as a tool for
weight reduction. Currently, no rigid RCTs available to verify the real effect of acupuncture
on body weight. So is true for Asthma. Preliminary report suggested acupuncture can stabilize
airway, but, like weight reduction, the effect is still unclear in the lack of rigid RCTs.
5. Summary
Being one of  the major  categories  of  complementary and alternative medicines (CAMs),
acupuncture might be the most explored one. Despite current acupuncture researches have
explored more diverse phenomenon such as anti-inflammation and regulation of homeostasis,
neural system is still the main target. Early studies suggested that the central opioids and serotonin
mediate analgesic effect of acupuncture. Current studies further illustrated the roles of synap‐
tic plasticity and cholinergic reflex in acupuncture treatment. It is believed that acupuncture is
able to modulate hyperalgesia and inflammation at levels of receptor proteins. Although the
central nervous system (CNS) has been studied extensively, acupuncture effect on cerebral cortex
is still in the scientific spotlight. Function imaging and electrophysiology studies have shown
complicated networks that acupuncture involves in. Take the whole CNS into account; axes
composing certain CNS regions are activated by acupuncture.  For example,  the anterior
cingulated cortex (ACC)-arcuate-periagueductal gray (PAG)-nucleus raphes magnus (NRM)
axis participates in analgesic effect of lower frequency electroacupuncture (EA).
Series of studies consolidated the beneficial effect of acupuncture on animal model of diabetes
that blood glucose and insulin statuses are influenced by EA. These effects are also partly
mediated by opioid and serotonin. In real clinical setting, acupuncture is used for weight
reduction rather than for diabetes. Some current trials have validated its effectiveness as to
weight reduction. Clinical trials on pain syndromes, stroke, neuropathy and asthma also have
revealed different degrees of benefit of acupuncture treatment. Clinical research work on
acupuncture has been carry on for many decades, most dominant in pain syndromes, namely
chronic headache, low back pain, osteoarthritis and post-operative pain. However, some study
result may possess inadequacies, such as fixed acupoint selection and the lack of objective
assessment.
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1. Introduction
In Japan and other parts of East Asia, acupuncture is an important component of traditional
medicine, where it is widely used for pain relief and other healing effects for a variety of
disorders [1]. However, studies in the United States and European countries that investigat‐
ed the effectiveness of acupuncture have been inconclusive or equivocal [2], and the mecha‐
nism of acupuncture is not fully elucidated [3]. Recent findings suggest specific neural
pathways that transmit acupuncture stimulation to distant body areas via the central nerv‐
ous system, which may support traditional meridian theory [4]. In addition to such a possi‐
ble central mechanism, a peripheral mechanism has also been suggested to be active in
acupuncture treatment, as several studies have noted increases in skin temperature and
muscular blood perfusion at acupuncture sites [5-8].
Nitric oxide (NO) is a key regulator of vascular tone and blood flow in local circulation, the
importance of which has been well documented in various in vitro and in vivo studies [9, 10].
There have been several findings indicating that the level of NO can vary according to path‐
ophysiological events and metabolic alteration. Considering the effects of acupuncture on
local perfusion, an involvement of NO in the acupuncture mechanism can be speculated.
NO typically functions in a very limited area, while its half-life is short and the amount pro‐
duced is small. In addition, food or water intake, daily activity or time of measurement, and
the activities of various resident bacteria can greatly affect the amount of NO-related metab‐
olites such as nitrite and nitrate, thus interfering with determination of actual NO level
[11-13]. Therefore, it is quite difficult to demonstrate true changes in local NO concentration
coupled with physiological or pathological effects in individuals or at the organ level. Fur‐
thermore, it is highly controversial whether acupuncture used in animals and humans is ex‐
actly the same in regard to physiological and anatomical considerations, and findings
obtained only in animal studies may be of limited significance [3]. Thus, to demonstrate the
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involvement of NO in the acupuncture mechanism, evidence obtained with human subjects
is absolutely necessary.
Our laboratory has been investigating traditional medicine from the standpoint of Western
medicine and basic science, and has also extensively studied reactive oxygen species (ROS)
and NO metabolism in various physiological and pathological conditions [9, 10]. Through
these studies, we have found strong evidence that changes in NO level are coupled with bio‐
logical functions in human subjects [12,13]. In this chapter, such results demonstrating the
functions NO in the human body will be briefly shown, followed by findings showing that
acupuncture has a significant impact on the level of NO at the same magnitude as shown in
those results [14], which may validate the notion that NO has an important function in the
mechanism of acupuncture.
2. NO in human respiratory system
2.1. Study design
To clarify the effect of NO on pulmonary gas exchange, the relationship between exhaled
NO and arterial blood gases was studied in healthy human subjects.
2.2. Methods
Exhaled NO and arterial blood gases were analyzed in 23 healthy non-smokers without air‐
way inflammation (20 males, 3 females; 41±4 [mean ± SD] years old) in a special clean room,
in which the concentration of NO was less than 4 parts per billion (ppb). In order to mini‐
mize environmental external NO, the subjects remained in the room for at least 1 hour be‐
fore measurement were performed. Previous studies have reported that exhaled NO was
increased in asthmatic patients and others with airway inflammation, and may possibly re‐
flect the inflammatory status of the airway [15, 16]. Therefore, subjects with upper or lower
respiratory inflammation were strictly excluded from the present study. In addition, meas‐
urements were performed at the same time each day after more than 10 hours of fasting to
eliminate the effects of external NO metabolites from diet. These careful procedures were
considered important to determine the exact concentration of exhaled NO.
After 1 hour in the special clean room, blood samples were anaerobically obtained from the
radial artery of each subject, then analyzed for arterial blood gases (pH, PaO2, PaCO2) with a
blood gas analyzer (Model 288; Chiron, MA). Next, exhaled NO was measured using a
chemiluminescence NO analyzer CML-500 (Shimizu, Kyoto, Japan). Each subject was in‐
structed to perform a slow vital capacity maneuver over 30-40 seconds into unobstructed
tubing while wearing nose clips. Air samples were continuously collected through a side
arm as the plateau concentration at the end of expiration.
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2.3. Results
Analysis  of  the  exhaled  air  samples  revealed  that  the  concentrations  of  exhaled  NO
ranged from 13 to 53 ppb.  Values for PaO2,  PaCO2,  and pH in the blood samples were
88.9±2.0 mmHg, 40.2±0.8 mmHg, and 7.40±0.01, respectively. Among these examined pa‐
rameters, arterial PaO2 was significantly correlated with the concentration of exhaled NO
(Figure  1).  However,  no  significant  correlation  was  found  between  that  concentration
and pH or PaCO2.
Figure 1. Relationship between PaO2 and exhaled NO. Exhaled air samples were collected from 23 healthy subjects
using a slow vital capacity maneuver. PaO2 was significantly correlated with the concentration of exhaled NO (r =
0.65).
2.4. Interpretation
Our findings indicate that exhaled airway NO is involved in arterial oxygenation in the res‐
piratory system. This is not surprising when considering the potent effects of NO on vascu‐
lar and/or airway smooth muscular tone, which may control ventilation-to-perfusion
matching in the respiratory system. Theoretically, NO concentrations in respiratory gas ex‐
change are not equal throughout the respiratory zone, as they are dependent on the amount
of inspirable NO generated in the upper airway in addition to intrinsic NO generated in the
lower respiratory zone. Thus, a well-ventilated zone, which requires much perfusion, could
receive much more NO than a poorly ventilated one. In this manner, airway NO actively
controls gas exchange in the respiratory system, even though its concentration is very low.
3. NO in human circulatory system; adverse effects of cigarette smoking
3.1. Study design
Cigarette smoke contains superoxide and other reactive oxygen species (ROS) [17-19], thus it
has been speculated that some of the adverse effects of smoking may be caused by oxidative
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damage to endothelial cells, resulting in NO shortage. To investigate this possibility,
changes in plasma level of NO and other antioxidants in healthy subjects with a cigarette
smoking habit after smoking a single cigarette were compared between those divided into
real smoking and sham smoking groups.
3.2. Methods
Changes in plasma concentrations of nitrate plus nitrite, used as an index of NO formation
in the circulation, as well as changes in plasma concentrations of major antioxidants (ascor‐
bic acid, cysteine, methionine, uric acid) in healthy young smokers after smoking a single
cigarette were measured. Subject number, age, height, weight, and smoking history in the
smoking group were 20, 28±4 (mean ± SD) years old, 169±8 cm, 61±7 kg, and 6±3 pack-years
(number of cigarettes in packs smoked daily times number of years), respectively, while
those in the sham smoking group were 15, 27±3 years old, 170±8 cm, 61±8 kg, and 6±2 pack-
years, respectively, which were not significantly different.
Both food and water  contain substantial  amounts  of  nitrate,  thus it  is  especially  impor‐
tant to control those factors before attempting to determine endogenous plasma NO for‐
mation in  humans [11,  20].  We limited and standardized the food and water  intake by
the subjects prior to the experiment, in which all were asked to not eat for 10 hours, and
not drink or smoke for 6 hours prior to the experiment.  Measurements were performed
at the same time each day while the subjects were at rest. Blood was sampled at the fol‐
lowing intervals: just prior to smoking a cigarette, 5 minutes after smoking that cigarette,
and again 60 minutes later.
3.3. Results
The  plasma  concentration  of  nitrate  plus  nitrite  was  significantly  decreased  by  3.4±1.1
μM in the  smoking group after  smoking a  single  cigarette  as  compared with the  sham
smoking group (23.9±1.1 μM in the smoking group vs. 27.3±1.2 μM in the sham smoking
group) (Figure 2). The concentrations of antioxidants (ascorbic acid, cysteine, methionine,
uric acid) were also significantly decreased. After 60 minutes, all parameters returned to
pre-experimental  levels.  In  the  sham  smoking  group  subjects,  no  significant  changes
were noted.
3.4. Interpretation
These results show that smoking a single cigarette decreases the plasma concentration of ni‐
trate plus nitrite, as well as ascorbic acid and other antioxidants. We previously demonstrat‐
ed that cigarette smoke contains superoxide and a large number of other ROS [17-19].
Inhalation of these ROS by smoking increases oxidative stress in smokers, and induces a re‐
duction in NO and antioxidant levels. Since an adequate level of NO is essential for suffi‐
cient coronary circulation, such transient changes contribute to coronary vasoconstriction,
which is routinely observed after smoking [21,22].
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Figure 2. Changes in plasma concentrations (mean ± SD) of nitrate and nitrite, ascorbic acid, cysteine, methionine,
and uric acid in smokers at 5 and 60 minutes after smoking a single (closed square) or sham (open circle) cigarette. *
P< 0.01 vs. values before smoking, $ P< 0.01 vs. corresponding values in control group, # P< 0.05 vs. corresponding
values in control group.
4. Change in concentration of NO required for physiological effects
It is difficult to compare NO concentrations in the respiratory system by measuring exhaled
breath (13-53 ppb range) with those in the circulatory system by measuring plasma
(23.9-27.3 μM range). However, it is important to note that units of ppb are considered to
present a more precise scale than units of μM. Thus, based on our results, it seems certain
that NO functions in the human body in a range less than μM depending on the environ‐
mental condition.
5. NO in acupuncture treatment in humans; effects on local circulation
5.1. Study design
NO is a key regulator of local circulation, and the development and persistence of pain can
be affected by changes in circulation. Thus, we speculated that acupuncture can regulate NO
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damage to endothelial cells, resulting in NO shortage. To investigate this possibility,
changes in plasma level of NO and other antioxidants in healthy subjects with a cigarette
smoking habit after smoking a single cigarette were compared between those divided into
real smoking and sham smoking groups.
3.2. Methods
Changes in plasma concentrations of nitrate plus nitrite, used as an index of NO formation
in the circulation, as well as changes in plasma concentrations of major antioxidants (ascor‐
bic acid, cysteine, methionine, uric acid) in healthy young smokers after smoking a single
cigarette were measured. Subject number, age, height, weight, and smoking history in the
smoking group were 20, 28±4 (mean ± SD) years old, 169±8 cm, 61±7 kg, and 6±3 pack-years
(number of cigarettes in packs smoked daily times number of years), respectively, while
those in the sham smoking group were 15, 27±3 years old, 170±8 cm, 61±8 kg, and 6±2 pack-
years, respectively, which were not significantly different.
Both food and water  contain substantial  amounts  of  nitrate,  thus it  is  especially  impor‐
tant to control those factors before attempting to determine endogenous plasma NO for‐
mation in  humans [11,  20].  We limited and standardized the food and water  intake by
the subjects prior to the experiment, in which all were asked to not eat for 10 hours, and
not drink or smoke for 6 hours prior to the experiment.  Measurements were performed
at the same time each day while the subjects were at rest. Blood was sampled at the fol‐
lowing intervals: just prior to smoking a cigarette, 5 minutes after smoking that cigarette,
and again 60 minutes later.
3.3. Results
The  plasma  concentration  of  nitrate  plus  nitrite  was  significantly  decreased  by  3.4±1.1
μM in the  smoking group after  smoking a  single  cigarette  as  compared with the  sham
smoking group (23.9±1.1 μM in the smoking group vs. 27.3±1.2 μM in the sham smoking
group) (Figure 2). The concentrations of antioxidants (ascorbic acid, cysteine, methionine,
uric acid) were also significantly decreased. After 60 minutes, all parameters returned to
pre-experimental  levels.  In  the  sham  smoking  group  subjects,  no  significant  changes
were noted.
3.4. Interpretation
These results show that smoking a single cigarette decreases the plasma concentration of ni‐
trate plus nitrite, as well as ascorbic acid and other antioxidants. We previously demonstrat‐
ed that cigarette smoke contains superoxide and a large number of other ROS [17-19].
Inhalation of these ROS by smoking increases oxidative stress in smokers, and induces a re‐
duction in NO and antioxidant levels. Since an adequate level of NO is essential for suffi‐
cient coronary circulation, such transient changes contribute to coronary vasoconstriction,
which is routinely observed after smoking [21,22].
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Figure 2. Changes in plasma concentrations (mean ± SD) of nitrate and nitrite, ascorbic acid, cysteine, methionine,
and uric acid in smokers at 5 and 60 minutes after smoking a single (closed square) or sham (open circle) cigarette. *
P< 0.01 vs. values before smoking, $ P< 0.01 vs. corresponding values in control group, # P< 0.05 vs. corresponding
values in control group.
4. Change in concentration of NO required for physiological effects
It is difficult to compare NO concentrations in the respiratory system by measuring exhaled
breath (13-53 ppb range) with those in the circulatory system by measuring plasma
(23.9-27.3 μM range). However, it is important to note that units of ppb are considered to
present a more precise scale than units of μM. Thus, based on our results, it seems certain
that NO functions in the human body in a range less than μM depending on the environ‐
mental condition.
5. NO in acupuncture treatment in humans; effects on local circulation
5.1. Study design
NO is a key regulator of local circulation, and the development and persistence of pain can
be affected by changes in circulation. Thus, we speculated that acupuncture can regulate NO
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levels. We studied the effects of acupuncture on local NO levels and circulation in a
randomized, double blind, crossover study with healthy human subjects.
5.2. Methods
Procedures for acupuncture
Twenty subjects (28±5 years old [mean±SD], height 169±6 cm, weight 65±7 kg) with no
knowledge of or experience with acupuncture therapy were randomly assigned to initially
undergo either real or sham acupuncture treatment using computer-generated random
numbers. All acupuncture treatments were performed at the same time of day, and none of
the subjects ate for 10 or drank for 6 hours prior to treatment, the same as in the study of
cigarette smoking. For the real acupuncture group, the subjects were blindfolded and re‐
ceived acupuncture at the Li4, P6, L6, and H5 acupoints in a forearm by a well-trained acu‐
puncturist (Figure 3). In Japan, these acupoints are considered to be effective for relieving
muscle and joint pain in the forearm and hand. Each acupoint was manually stimulated
twice for 1 minute each by finely twisting the needle, according to standard acupuncture
technique, then the needle was left in situ for 10 minutes. Sham acupuncture subjects were
similarly blindfolded, and the same true acupoints were tapped with an empty plastic nee‐
dle tube. Palpation of the surface of the skin was induced with a blunt adherent instrument
for the same period as with the true acupuncture. One week after the first treatment (real or
sham), the same subjects underwent the opposite treatment (real or sham acupuncture) per‐
formed in the same manner as described above.
Figure 3. Acupoints used in the study.
Measurements of change in palmar circulation in acupunctured forearm
Before, and 5 and 60 minutes after acupuncture, subcutaneous circulation in the palm on the
side of the treated forearm was investigated using a laser tissue blood flow meter (FLO-N1,
Omegawave, Tokyo, Japan) by an investigator who did not know whether the subjects had
undergone real or sham acupuncture [23]. The laser tissue blood flow meter allows meas‐
urement of microvascular blood flow in tissue at approximately 1-4 mm deep below the
probe. The flow probe was placed at the center of the palm and allowed to stabilize, then the
average reading over a period of 5 minutes was obtained.
Measurements of NO formation in acupunctured forearm
Following the measurement of microcirculation, 2 ml of whole blood from an axillary vein
was drawn from the subject and collected into heparinized tubes. NO generation in blood
was determined using an HPLC (high performance liquid chromatography) method by
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measuring the plasma concentrations of nitrate and nitrite [12], and confirmed by an ESR
(electron spin resonance) method that directly measured NO signals [24], as described be‐
low.
a. HPLC method
Plasma was isolated by centrifugation of the collected blood samples (5 minutes at 750 x g,
4˚C) and deproteinized by addition of an equal volume of methanol. The samples were then
applied to an HPLC system (ENO-20, EICOM, Kyoto, Japan) to determine nitrate and nitrite
concentrations. Nitrate and nitrite were separated using a reverse-phase column (NO-PAK),
after which nitrate was reduced to nitrite in a reduction column packed with copperized
cadmium (NO-RED) at 35˚C. The nitrite was then mixed with Griess reagent in a reaction
coil and change in absorbance was monitored at 540 nm. The flow rate of the mobile phase,
which consisted of 10% methanol containing 0.15 M BaCl2-NH4Cl and 0.5 g/l EDTA-4Na,
was 0.33 ml/minute. Griess reagent was delivered at a rate of 0.1 ml/minute.
b. ESR method
The remainder of the blood sample (400 μl) was quickly transferred to ESR tubes (4 mm in‐
ner diameter) and frozen with liquid nitrogen, then analyzed by an ESR method at 110 K
using a JES-RE1X spectrometer (JOEL, Tokyo) with 100 kHz field modulation. ESR analysis
was conducted with a microwave power of 8 mW at a frequency of 9.099 GHz, 325±50 mT
field, 3-minute sweep time, 0.125-mT modulation amplitude, and 0.1-second time constant.
As a positive control, fresh non-treated blood was incubated for 10 minutes with NOC7 ([1-
hydroxy-2-oxo-3-(N-methyl-3-aminopropyl)-3-methyl-3-aminopropyl]-3-methyl-1-triazene),
which chemically generates NO with a half-life of 5 minutes.
Chemicals
Reagents for HPLC analysis were obtained from EICOM (Kyoto, Japan) and NOC7 was ob‐
tained from Dojin Co. (Kumamoto, Japan). Other reagents used were of analytical grade.
5.3. Results
Palmar circulation in acupunctured forearm
Prior to receiving acupuncture, microvascular blood flow in the palm of the forearm that
underwent  real  acupuncture  did  not  differ  from  that  in  the  forearm  that  underwent
sham  acupuncture  (Figure  4-A).  At  5  and  60  minutes  after  acupuncture,  microvascular
blood flow in the palm of the sham acupunctured forearm was unchanged, while that in
the  real  acupunctured  side  was  significantly  increased  as  compared with  both  the  pre-
acupuncture and sham values.
NO formation in acupunctured forearm: HPCL study
Prior to receiving acupuncture, there were no differences in regard to plasma concentrations
of nitrate plus nitrite between the real and sham acupuncture groups (Figure 4-B). After acu‐
puncture as well, no significant changes in plasma concentrations of nitrate plus nitrite were
noted in either the non-treated forearm in subjects who underwent real acupuncture or
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levels. We studied the effects of acupuncture on local NO levels and circulation in a
randomized, double blind, crossover study with healthy human subjects.
5.2. Methods
Procedures for acupuncture
Twenty subjects (28±5 years old [mean±SD], height 169±6 cm, weight 65±7 kg) with no
knowledge of or experience with acupuncture therapy were randomly assigned to initially
undergo either real or sham acupuncture treatment using computer-generated random
numbers. All acupuncture treatments were performed at the same time of day, and none of
the subjects ate for 10 or drank for 6 hours prior to treatment, the same as in the study of
cigarette smoking. For the real acupuncture group, the subjects were blindfolded and re‐
ceived acupuncture at the Li4, P6, L6, and H5 acupoints in a forearm by a well-trained acu‐
puncturist (Figure 3). In Japan, these acupoints are considered to be effective for relieving
muscle and joint pain in the forearm and hand. Each acupoint was manually stimulated
twice for 1 minute each by finely twisting the needle, according to standard acupuncture
technique, then the needle was left in situ for 10 minutes. Sham acupuncture subjects were
similarly blindfolded, and the same true acupoints were tapped with an empty plastic nee‐
dle tube. Palpation of the surface of the skin was induced with a blunt adherent instrument
for the same period as with the true acupuncture. One week after the first treatment (real or
sham), the same subjects underwent the opposite treatment (real or sham acupuncture) per‐
formed in the same manner as described above.
Figure 3. Acupoints used in the study.
Measurements of change in palmar circulation in acupunctured forearm
Before, and 5 and 60 minutes after acupuncture, subcutaneous circulation in the palm on the
side of the treated forearm was investigated using a laser tissue blood flow meter (FLO-N1,
Omegawave, Tokyo, Japan) by an investigator who did not know whether the subjects had
undergone real or sham acupuncture [23]. The laser tissue blood flow meter allows meas‐
urement of microvascular blood flow in tissue at approximately 1-4 mm deep below the
probe. The flow probe was placed at the center of the palm and allowed to stabilize, then the
average reading over a period of 5 minutes was obtained.
Measurements of NO formation in acupunctured forearm
Following the measurement of microcirculation, 2 ml of whole blood from an axillary vein
was drawn from the subject and collected into heparinized tubes. NO generation in blood
was determined using an HPLC (high performance liquid chromatography) method by
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measuring the plasma concentrations of nitrate and nitrite [12], and confirmed by an ESR
(electron spin resonance) method that directly measured NO signals [24], as described be‐
low.
a. HPLC method
Plasma was isolated by centrifugation of the collected blood samples (5 minutes at 750 x g,
4˚C) and deproteinized by addition of an equal volume of methanol. The samples were then
applied to an HPLC system (ENO-20, EICOM, Kyoto, Japan) to determine nitrate and nitrite
concentrations. Nitrate and nitrite were separated using a reverse-phase column (NO-PAK),
after which nitrate was reduced to nitrite in a reduction column packed with copperized
cadmium (NO-RED) at 35˚C. The nitrite was then mixed with Griess reagent in a reaction
coil and change in absorbance was monitored at 540 nm. The flow rate of the mobile phase,
which consisted of 10% methanol containing 0.15 M BaCl2-NH4Cl and 0.5 g/l EDTA-4Na,
was 0.33 ml/minute. Griess reagent was delivered at a rate of 0.1 ml/minute.
b. ESR method
The remainder of the blood sample (400 μl) was quickly transferred to ESR tubes (4 mm in‐
ner diameter) and frozen with liquid nitrogen, then analyzed by an ESR method at 110 K
using a JES-RE1X spectrometer (JOEL, Tokyo) with 100 kHz field modulation. ESR analysis
was conducted with a microwave power of 8 mW at a frequency of 9.099 GHz, 325±50 mT
field, 3-minute sweep time, 0.125-mT modulation amplitude, and 0.1-second time constant.
As a positive control, fresh non-treated blood was incubated for 10 minutes with NOC7 ([1-
hydroxy-2-oxo-3-(N-methyl-3-aminopropyl)-3-methyl-3-aminopropyl]-3-methyl-1-triazene),
which chemically generates NO with a half-life of 5 minutes.
Chemicals
Reagents for HPLC analysis were obtained from EICOM (Kyoto, Japan) and NOC7 was ob‐
tained from Dojin Co. (Kumamoto, Japan). Other reagents used were of analytical grade.
5.3. Results
Palmar circulation in acupunctured forearm
Prior to receiving acupuncture, microvascular blood flow in the palm of the forearm that
underwent  real  acupuncture  did  not  differ  from  that  in  the  forearm  that  underwent
sham  acupuncture  (Figure  4-A).  At  5  and  60  minutes  after  acupuncture,  microvascular
blood flow in the palm of the sham acupunctured forearm was unchanged, while that in
the  real  acupunctured  side  was  significantly  increased  as  compared with  both  the  pre-
acupuncture and sham values.
NO formation in acupunctured forearm: HPCL study
Prior to receiving acupuncture, there were no differences in regard to plasma concentrations
of nitrate plus nitrite between the real and sham acupuncture groups (Figure 4-B). After acu‐
puncture as well, no significant changes in plasma concentrations of nitrate plus nitrite were
noted in either the non-treated forearm in subjects who underwent real acupuncture or
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those that underwent sham treatment. However, that concentration in the acupunctured
forearm was significantly increased as compared with both the pre-acupuncture value and
values obtained for the opposite non-treated and sham-acupunctured forearms at 5 and 60
minutes after real acupuncture treatment. Plasma concentration of nitrate plus nitrite was
24.6±6.1 μM in the acupunctured forearm before acupuncture, 27.5±6.5 (mean±SD) μM at 5
minutes after acupuncture, and 27.1±6.6 μM at 60 minutes. Thus, the amount of increase
above the pre-acupuncture value was 2.8±1.5 μM after 5 and 2.5±1.4 μM after 60 minutes.
Figure 4. Changes in blood flow (mean±SD) in palmer subcutaneous tissue (A), and plasma concentrations of nitrate
and nitrite in samples from an axillary vein (B) in subjects who received real or sham acupuncture in a forearm. Alpha‐
betic characters of a, b, c, d, e, f, g, h, i, and k indicate a significant difference (p < 0.05) between values.
NO formation: ESR study
The ESR spectrum attributed to Cu2+ of ceruloplasmin was observed in blood samples ob‐
tained before acupuncture (Figure 5-A). At 5 minutes after acupuncture, a small peak with a
g value of 2.0 developed and was superimposed on the Cu2+-ceruloplasmin adduct spectrum
[24] in blood samples obtained from the acupunctured forearm (arrows in Figure 5-B), but
not in blood samples from the non-treated and sham forearms (data not shown). Although
the ESR signal observed was small, it was assigned to the NO-hemoglobin adduct spectrum
with reference to the typical ESR spectrum of NO-hemoglobin generated by incubation of
NOC7, a short-lived potent NO releaser, with a fresh non-treated blood sample, as shown in
Figure 5-C and D.
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Figure 5. ESR spectra of blood samples from acupunctured forearm. Prior to acupuncture (A), 5 minutes after acu‐
puncture (B), and 10 minutes after incubation of fresh non-treated blood with 15 µM (C) and 60 µM (D) of NOC7 as a
positive control. Arrows in B indicate the NO-hemoglobin adduct with a g value of 2.0 superimposed on the originally
generated Cu2+-ceruloplasmin adduct. Detailed ESR settings are described in the text.
Correlation between NO formation and palmar circulation
In the real acupunctured forearm, the amount of increase in microvascular blood flow in the
palm above the pre-acupuncture value was significantly correlated with that in plasma con‐
centration of nitrate plus nitrite, with a regression line of y = 2.3x and correlation coefficient
(r) of 0.79 (Figure 6). In the sham forearm, no correlation was found between the amount of
increase in microvascular blood flow in the palm and that in plasma concentration of nitrate
plus nitrite.
5.4. Discussion and interpretation
We found that acupuncture increased the plasma concentration of nitrate plus nitrite in
treated regions, coupled with an increase in blood flow. Although measurements of NO it‐
self were not performed, previous studies have shown that concentrations of nitrate and ni‐
trite, end-products of NO metabolism, are reliable indicators of NO formation in vivo [25].
It should be noted that blood in the axillary vein of the acupunctured forearm contained ni‐
trate plus nitrite derived from locally generated NO in the forearm itself, in addition to that
basally generated throughout the body. Thus, to confirm that basal NO generation did not
affect the change in concentration of nitrate plus nitrite in blood from the acupunctured
forearm, that in blood from the opposite non-treated forearm was also measured, which
showed no significant change. This finding indicates that background basal NO level did
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those that underwent sham treatment. However, that concentration in the acupunctured
forearm was significantly increased as compared with both the pre-acupuncture value and
values obtained for the opposite non-treated and sham-acupunctured forearms at 5 and 60
minutes after real acupuncture treatment. Plasma concentration of nitrate plus nitrite was
24.6±6.1 μM in the acupunctured forearm before acupuncture, 27.5±6.5 (mean±SD) μM at 5
minutes after acupuncture, and 27.1±6.6 μM at 60 minutes. Thus, the amount of increase
above the pre-acupuncture value was 2.8±1.5 μM after 5 and 2.5±1.4 μM after 60 minutes.
Figure 4. Changes in blood flow (mean±SD) in palmer subcutaneous tissue (A), and plasma concentrations of nitrate
and nitrite in samples from an axillary vein (B) in subjects who received real or sham acupuncture in a forearm. Alpha‐
betic characters of a, b, c, d, e, f, g, h, i, and k indicate a significant difference (p < 0.05) between values.
NO formation: ESR study
The ESR spectrum attributed to Cu2+ of ceruloplasmin was observed in blood samples ob‐
tained before acupuncture (Figure 5-A). At 5 minutes after acupuncture, a small peak with a
g value of 2.0 developed and was superimposed on the Cu2+-ceruloplasmin adduct spectrum
[24] in blood samples obtained from the acupunctured forearm (arrows in Figure 5-B), but
not in blood samples from the non-treated and sham forearms (data not shown). Although
the ESR signal observed was small, it was assigned to the NO-hemoglobin adduct spectrum
with reference to the typical ESR spectrum of NO-hemoglobin generated by incubation of
NOC7, a short-lived potent NO releaser, with a fresh non-treated blood sample, as shown in
Figure 5-C and D.
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Figure 5. ESR spectra of blood samples from acupunctured forearm. Prior to acupuncture (A), 5 minutes after acu‐
puncture (B), and 10 minutes after incubation of fresh non-treated blood with 15 µM (C) and 60 µM (D) of NOC7 as a
positive control. Arrows in B indicate the NO-hemoglobin adduct with a g value of 2.0 superimposed on the originally
generated Cu2+-ceruloplasmin adduct. Detailed ESR settings are described in the text.
Correlation between NO formation and palmar circulation
In the real acupunctured forearm, the amount of increase in microvascular blood flow in the
palm above the pre-acupuncture value was significantly correlated with that in plasma con‐
centration of nitrate plus nitrite, with a regression line of y = 2.3x and correlation coefficient
(r) of 0.79 (Figure 6). In the sham forearm, no correlation was found between the amount of
increase in microvascular blood flow in the palm and that in plasma concentration of nitrate
plus nitrite.
5.4. Discussion and interpretation
We found that acupuncture increased the plasma concentration of nitrate plus nitrite in
treated regions, coupled with an increase in blood flow. Although measurements of NO it‐
self were not performed, previous studies have shown that concentrations of nitrate and ni‐
trite, end-products of NO metabolism, are reliable indicators of NO formation in vivo [25].
It should be noted that blood in the axillary vein of the acupunctured forearm contained ni‐
trate plus nitrite derived from locally generated NO in the forearm itself, in addition to that
basally generated throughout the body. Thus, to confirm that basal NO generation did not
affect the change in concentration of nitrate plus nitrite in blood from the acupunctured
forearm, that in blood from the opposite non-treated forearm was also measured, which
showed no significant change. This finding indicates that background basal NO level did
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not change in the present subjects. Thus, the increased NO level in the acupunctured fore‐
arm was primarily from changes that occurred in the forearm itself.
Figure 6. Relationship between amount of increase in palmar blood flow above the pre-acupuncture value, and that
in plasma concentration of nitrate plus nitrite in real acupunctured (A) and sham-acupunctured (B) forearms. There
was a significant correlation after real acupuncture, with a regression line of y = 2.3x and correlation coefficient (r) of
0.79, but not after sham acupuncture.
An ESR method was used to detect and confirm NO generation in the forearm treated with
acupuncture. An advantage of ESR is that it can directly and specifically detect NO even in
biological samples, whereas it is not highly sensitive and does not provide quantitative find‐
ings [26]. Because the affinity of hemoglobin for NO is very high, 300,000 times greater than
that for oxygen molecules, NO generated in blood rapidly reacts with hemoglobin to form
an NO-hemoglobin adduct, which is detected as a characteristic ESR spectrum and inter‐
preted as evidence of NO generation [24]. Thus, even a small ESR peak for NO-hemoglobin,
as seen in the present study, is strong and reliable evidence for NO generation in the fore‐
arm from which blood samples were collected. To the best of our knowledge, this is the first
study to demonstrate that manual acupuncture treatment increases plasma NO in acupunc‐
tured regions in human subjects.
The increase in palmar microvascular blood flow seen in the acupunctured forearm side in‐
dicates that acupuncture controls regional circulation, and agrees well with previous studies
that reported increases in skin temperature and muscular blood flow in regions subjected to
acupuncture [5-8]. The significant correlation between the amounts of increase in blood flow
and NO level in the acupunctured forearm indicates that NO-dependent mechanisms are in‐
volved in regulation of circulation by acupuncture. Regional ischemia is an important factor
in development and prolongation of certain types of pain, and improvement in blood flow
washes out pain-generating metabolic products [27, 28]. Thus, the regulatory effect on re‐
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gional circulation through control of NO level partly accounts for the biological mechanism
of the effects of acupuncture on pain.
6. NO a key molecule in acupuncture
The  findings  of  NO  dynamics  in  human  subjects  described  in  the  previous  sections  2
and 3 indicate that changes in NO concentration in μM amounts have a strong influence
on  vital  body  functions.  Therefore,  the  magnitude  of  NO  generated  by  acupuncture
shown  in  the  present  study  is  of  great  biological  significance.  Furthermore,  coupled
physiological  effects  were also observed,  as  expected.  We consider it  reasonable to con‐
clude  that  NO  plays  a  key  role  in  the  effects  of  acupuncture.  A  recent  animal  study
showed that acupuncture increased muscle blood flow to some degree, even in denervat‐
ed hindlimb muscles, indicating that a local regulation mechanism may have a dominant
role in acupuncture [29].  When considering the importance of  NO as a biological  mole‐
cule for basic vital functions [9, 10], its local regulation is a compelling candidate for an
acupuncture-related molecular mechanism.
7. Further advancements in studies of NO metabolism related to
acupuncture
Based on an understanding of the importance of NO generation in acupuncture, the ques‐
tion regarding which mechanism is involved becomes important. In addition to the present
findings, several studies have reported higher levels of generated NO on the skin surface at
meridians and acupoints in resting or acupuncture treated human subjects [30-32]. Further‐
more, an increase in NO generation at certain acupoints during electrical acupuncture treat‐
ment at distant acupoints belonging to the same meridian has been shown using dermal
micro-dialysis [33].
Some resident bacteria could produce NO-related metabolites, thus it is possible that the
bacterial organisms in the area of the skin contribute to these NO phenomena [20, 31]. On
the other hand, it should be noted that many acupoints and meridians are located close to
blood vessels and peripheral neural fibers, which might express nitric oxide synthase (NOS)
enzymes with various stimuli. In fact, enhancement of the expression of endothelial nitric
oxide synthase (eNOS) and neuronal nitric oxide synthase (nNOS) by acupuncture was re‐
ported [34, 35], though in animal studies. Together with other studies, we suggest that the
acupoint and meridian NOS system function to regulate the level of NO in acupunctured
individuals with the aid of surrounding blood vessels and local neural fibers. These should
be confirmed in future studies.
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not change in the present subjects. Thus, the increased NO level in the acupunctured fore‐
arm was primarily from changes that occurred in the forearm itself.
Figure 6. Relationship between amount of increase in palmar blood flow above the pre-acupuncture value, and that
in plasma concentration of nitrate plus nitrite in real acupunctured (A) and sham-acupunctured (B) forearms. There
was a significant correlation after real acupuncture, with a regression line of y = 2.3x and correlation coefficient (r) of
0.79, but not after sham acupuncture.
An ESR method was used to detect and confirm NO generation in the forearm treated with
acupuncture. An advantage of ESR is that it can directly and specifically detect NO even in
biological samples, whereas it is not highly sensitive and does not provide quantitative find‐
ings [26]. Because the affinity of hemoglobin for NO is very high, 300,000 times greater than
that for oxygen molecules, NO generated in blood rapidly reacts with hemoglobin to form
an NO-hemoglobin adduct, which is detected as a characteristic ESR spectrum and inter‐
preted as evidence of NO generation [24]. Thus, even a small ESR peak for NO-hemoglobin,
as seen in the present study, is strong and reliable evidence for NO generation in the fore‐
arm from which blood samples were collected. To the best of our knowledge, this is the first
study to demonstrate that manual acupuncture treatment increases plasma NO in acupunc‐
tured regions in human subjects.
The increase in palmar microvascular blood flow seen in the acupunctured forearm side in‐
dicates that acupuncture controls regional circulation, and agrees well with previous studies
that reported increases in skin temperature and muscular blood flow in regions subjected to
acupuncture [5-8]. The significant correlation between the amounts of increase in blood flow
and NO level in the acupunctured forearm indicates that NO-dependent mechanisms are in‐
volved in regulation of circulation by acupuncture. Regional ischemia is an important factor
in development and prolongation of certain types of pain, and improvement in blood flow
washes out pain-generating metabolic products [27, 28]. Thus, the regulatory effect on re‐
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gional circulation through control of NO level partly accounts for the biological mechanism
of the effects of acupuncture on pain.
6. NO a key molecule in acupuncture
The  findings  of  NO  dynamics  in  human  subjects  described  in  the  previous  sections  2
and 3 indicate that changes in NO concentration in μM amounts have a strong influence
on  vital  body  functions.  Therefore,  the  magnitude  of  NO  generated  by  acupuncture
shown  in  the  present  study  is  of  great  biological  significance.  Furthermore,  coupled
physiological  effects  were also observed,  as  expected.  We consider it  reasonable to con‐
clude  that  NO  plays  a  key  role  in  the  effects  of  acupuncture.  A  recent  animal  study
showed that acupuncture increased muscle blood flow to some degree, even in denervat‐
ed hindlimb muscles, indicating that a local regulation mechanism may have a dominant
role in acupuncture [29].  When considering the importance of  NO as a biological  mole‐
cule for basic vital functions [9, 10], its local regulation is a compelling candidate for an
acupuncture-related molecular mechanism.
7. Further advancements in studies of NO metabolism related to
acupuncture
Based on an understanding of the importance of NO generation in acupuncture, the ques‐
tion regarding which mechanism is involved becomes important. In addition to the present
findings, several studies have reported higher levels of generated NO on the skin surface at
meridians and acupoints in resting or acupuncture treated human subjects [30-32]. Further‐
more, an increase in NO generation at certain acupoints during electrical acupuncture treat‐
ment at distant acupoints belonging to the same meridian has been shown using dermal
micro-dialysis [33].
Some resident bacteria could produce NO-related metabolites, thus it is possible that the
bacterial organisms in the area of the skin contribute to these NO phenomena [20, 31]. On
the other hand, it should be noted that many acupoints and meridians are located close to
blood vessels and peripheral neural fibers, which might express nitric oxide synthase (NOS)
enzymes with various stimuli. In fact, enhancement of the expression of endothelial nitric
oxide synthase (eNOS) and neuronal nitric oxide synthase (nNOS) by acupuncture was re‐
ported [34, 35], though in animal studies. Together with other studies, we suggest that the
acupoint and meridian NOS system function to regulate the level of NO in acupunctured
individuals with the aid of surrounding blood vessels and local neural fibers. These should
be confirmed in future studies.




Acupuncture elevates the level of local NO in treated regions, thereby increasing local blood
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1. Introduction
Acupuncture is one of the Traditional Chinese Medicine (TCM) and perhaps most impor‐
tant, by the way the world is widely used as a treatment effective, because it is more struc‐
tured in terms of legislation, education and research. Until recently it was mostly known for
its analgesic effects, and has an large number of research demonstrating the benefits in this
area [1,2,3].Within the thinking of acupuncture, each individual should be treated as the dis‐
turbance of energy imbalance that presents itself at the time of the session, seeking the well-
known syndromic diagnosis [4]. For the same pain can have many points in common from
one patient to another, but there are known as energetic characteristics that complement the
individualized treatment. Some acupuncture points, but they are consecrated by its clinical
efficacy, repeated year after year as part of the arsenal of the specialist training in acupunc‐
ture and traditional literature of how these professionals, translated into different languages
[4,5,6]. These acupuncture points and / or their combinations and how they are applied has
ensured the continuity of its increasing use by the population for this ancient technique that
has survived more than 2400 years of recorded history.
Currently, the scientific world investigating acupuncture in the search, especially to under‐
stand its mechanisms of action, the "whys" of their therapeutic efficacy, as is the energy sys‐
tem of energy meridians of the nature of acupoints and the brain impressions stimulated by
acupuncture [7,8,9]. Another line of research aims to verify the possible use of acupuncture
to cure difficult diseases such as: cancer and acquired immunodeficiency syndrome (AIDS)
[10,11]. Complaints such as fatigue resulting from the stress are common in acupuncture
clinics, and there is research demonstrating such benefits with acupuncture in treatment of
fatigue in cancer patients [12]. Many of the gains and benefits referred to as energy acupunc‐
ture are based on the classic books, such as points capable of mobilizing the qi (energy) and
© 2013 Silvério-Lopes and da Mota; licensee InTech. This is an open access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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xue (blood) [4]. Assuming that acupuncture improves vitality, science wants to know what
the neuro-endocrine mechanisms, underlying biochemical [11]. Another line investigates
whether these potential benefits can be extended to groups specific so far little exploited in
research as gerontes, children and athletes [13].From the perspective of public health efforts
are priorities immunologically vulnerable individuals, those most likely to get sick in the
face of epidemics such as: children, elderly, pregnant women, immunosuppressed and im‐
munodeficient [14].When comparing those most vulnerable, with the demands of patients in
the acupuncture clinics, as well as in the research, notes that there are large numbers of eld‐
erly (gerontes), but very little children, pregnant women, immunosuppressed and imunode‐
ficient patients. We believe the demand is low due to cultural issues, such as children and
pregnant women afraid of needles. In immunodeficient and immunosuppressed patients
there is no guidance of the benefits that acupuncture could provide, and some cultural pre‐
conceptions that isolate this resource as the possibility of complementary medicine, especial‐
ly in the Western.The structure of this chapter, a brief look behind the immunity from the
perspective of Traditional Chinese Medicine (TCM), then moving on to a more detailed
study the applicability of acupuncture in the modulation of immunity, through a literature
review, whose main focus is described in the methodology.
2. The pathogenesis and immunity against the perspective of Traditional
Chinese Medicine (TCM)
The Traditional Chinese Medicine (TCM) has its pillars to support in philosophical founda‐
tions of Taoism, in a period of human history where there was no technological capabilities
of modern diagnostics and treatments to cure of diseases. A need for greater interaction
with the nature in the preservation of life, caused the man to develop a greater capacity for
observing the natural cycles of climate change, time for crops, for work and home, the
search for food, and therefore the preservation of health. As a result of observation and in‐
teraction with nature, the man identified prime materials for the cure of diseases and health
preservation. Sustained for historical reasons there arose a form of healing spread in a philo‐
sophical and symbolic language, which for many today who do not study acupuncture /
TCM appears be something still considered "mystical" or alien to Western rational mind. To
understand the issue of immunity from the standpoint of TCM, it is necessary to recall some
concepts that we will describe.
For TCM, the concept of health is the harmony or balance between yin and yang, or a per‐
fect movement of the energy flow inside the body. Yin and yang are in turn defined as part
of complementary and contradictory phenomena of nature and relate to each other [5].
From this reference, was formulated ratings patterns as well as supporting the symptoms syn‐
dromic, for example to be classified as Yin; night, cold, weak, pale, chronic pathologic process‐
es, fatigue, and classified as Yang their opposites; days, heat, strong, hyperemic, sharp,vitality.
From the perspective western modern, we can say that there is a possible equivalence of classi‐
fied the Sympathetic Nervous System (SNS) as yang and the Parasympathetic (SNP) as Yin.Is
Acupuncture in Modern Medicine52
independent if the language to be Taoist symbolic or modern scientific, the body this whole
time looking for this balance.Its is a dynamic process, and continue to sustain life. For the TCM
the relationship health vs disease or loss of balance between Yin and Yang is related to the fac‐
tors of resistance and organic etiological factors. Every day we face the many forms of climate
change exposure, emotional imbalance, microorganisms, mechanical trauma, pollution, food
with big load of pesticides and / or preservatives, these factors are considered etiological fac‐
tors.The resistance factors in turn, are called in TCM with defense energy (wei qi) and are repre‐
sented by the skin, mucous membranes, hair, controlling the opening and closing the pores and
the sphincters of the body. An example that can illustrate when the body is affected by climate
change like the wind-chill, it makes the hair stand on end in a shiver of cold, forming a protec‐
tive voluminous layer and sequentially the pores are closed. In this state of trial protection as
cited in this example, the body would result in the closing of the pores to retain the internal
heat, which continued for more time will become pathological. This inbalance is expressed by
some physiologic indicators of syndromic diagnosis of TCM.
Another example are some cases of urinary incontinence in the elderly, where the deficiency
of Yang energy, represented by the weakness pelvic floor muscles, predisposes to not control
the sphincters.
Figure 1. Pathogenic Factors vs Defense Factors
In this Figure 1 is showing two situations where the disease is established, because the de‐
fense factors are weak, or because the pathogenic factors are very strong, as occurs in viral
epidemics where there is often an apparently healthy
Individual’ immune profile might get sick. It is necessary to remember that when the TCM
was formulated more than 2400 years ago, we had no knowledge of physiology, anatomy,
biochemistry, and so little understanding of the immunology currently available for modern
science. Is understandable within the context of the time theories were based on possibilities
resources and understanding of man's relationship with the natural phenomena.
Acupuncture in Modulation of Immunity
http://dx.doi.org/10.5772/54286
53
xue (blood) [4]. Assuming that acupuncture improves vitality, science wants to know what
the neuro-endocrine mechanisms, underlying biochemical [11]. Another line investigates
whether these potential benefits can be extended to groups specific so far little exploited in
research as gerontes, children and athletes [13].From the perspective of public health efforts
are priorities immunologically vulnerable individuals, those most likely to get sick in the
face of epidemics such as: children, elderly, pregnant women, immunosuppressed and im‐
munodeficient [14].When comparing those most vulnerable, with the demands of patients in
the acupuncture clinics, as well as in the research, notes that there are large numbers of eld‐
erly (gerontes), but very little children, pregnant women, immunosuppressed and imunode‐
ficient patients. We believe the demand is low due to cultural issues, such as children and
pregnant women afraid of needles. In immunodeficient and immunosuppressed patients
there is no guidance of the benefits that acupuncture could provide, and some cultural pre‐
conceptions that isolate this resource as the possibility of complementary medicine, especial‐
ly in the Western.The structure of this chapter, a brief look behind the immunity from the
perspective of Traditional Chinese Medicine (TCM), then moving on to a more detailed
study the applicability of acupuncture in the modulation of immunity, through a literature
review, whose main focus is described in the methodology.
2. The pathogenesis and immunity against the perspective of Traditional
Chinese Medicine (TCM)
The Traditional Chinese Medicine (TCM) has its pillars to support in philosophical founda‐
tions of Taoism, in a period of human history where there was no technological capabilities
of modern diagnostics and treatments to cure of diseases. A need for greater interaction
with the nature in the preservation of life, caused the man to develop a greater capacity for
observing the natural cycles of climate change, time for crops, for work and home, the
search for food, and therefore the preservation of health. As a result of observation and in‐
teraction with nature, the man identified prime materials for the cure of diseases and health
preservation. Sustained for historical reasons there arose a form of healing spread in a philo‐
sophical and symbolic language, which for many today who do not study acupuncture /
TCM appears be something still considered "mystical" or alien to Western rational mind. To
understand the issue of immunity from the standpoint of TCM, it is necessary to recall some
concepts that we will describe.
For TCM, the concept of health is the harmony or balance between yin and yang, or a per‐
fect movement of the energy flow inside the body. Yin and yang are in turn defined as part
of complementary and contradictory phenomena of nature and relate to each other [5].
From this reference, was formulated ratings patterns as well as supporting the symptoms syn‐
dromic, for example to be classified as Yin; night, cold, weak, pale, chronic pathologic process‐
es, fatigue, and classified as Yang their opposites; days, heat, strong, hyperemic, sharp,vitality.
From the perspective western modern, we can say that there is a possible equivalence of classi‐
fied the Sympathetic Nervous System (SNS) as yang and the Parasympathetic (SNP) as Yin.Is
Acupuncture in Modern Medicine52
independent if the language to be Taoist symbolic or modern scientific, the body this whole
time looking for this balance.Its is a dynamic process, and continue to sustain life. For the TCM
the relationship health vs disease or loss of balance between Yin and Yang is related to the fac‐
tors of resistance and organic etiological factors. Every day we face the many forms of climate
change exposure, emotional imbalance, microorganisms, mechanical trauma, pollution, food
with big load of pesticides and / or preservatives, these factors are considered etiological fac‐
tors.The resistance factors in turn, are called in TCM with defense energy (wei qi) and are repre‐
sented by the skin, mucous membranes, hair, controlling the opening and closing the pores and
the sphincters of the body. An example that can illustrate when the body is affected by climate
change like the wind-chill, it makes the hair stand on end in a shiver of cold, forming a protec‐
tive voluminous layer and sequentially the pores are closed. In this state of trial protection as
cited in this example, the body would result in the closing of the pores to retain the internal
heat, which continued for more time will become pathological. This inbalance is expressed by
some physiologic indicators of syndromic diagnosis of TCM.
Another example are some cases of urinary incontinence in the elderly, where the deficiency
of Yang energy, represented by the weakness pelvic floor muscles, predisposes to not control
the sphincters.
Figure 1. Pathogenic Factors vs Defense Factors
In this Figure 1 is showing two situations where the disease is established, because the de‐
fense factors are weak, or because the pathogenic factors are very strong, as occurs in viral
epidemics where there is often an apparently healthy
Individual’ immune profile might get sick. It is necessary to remember that when the TCM
was formulated more than 2400 years ago, we had no knowledge of physiology, anatomy,
biochemistry, and so little understanding of the immunology currently available for modern
science. Is understandable within the context of the time theories were based on possibilities
resources and understanding of man's relationship with the natural phenomena.
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3. Applicability of acupuncture in the modulation of immunity: A
literature review
3.1. Initial considerations and objectives
It is consistent the applicability of acupuncture in various phatological conditions.The mod‐
ern science research resources to enhance health and quality of life. We understand that all
possibilities to become viable are welcome. Although there are benefits of acupuncture mod‐
ulation of immunity, there are gaps of knowledge,such as the best treatment techniques,
which would be the best biochemical markers, which are the best acupoints.There is much
information about research in this area, but they are highly dispersed, which causes difficul‐
ties in the conclusions, and thus clinical applicability.
The aim therefore of this review is to compile and discuss the scientific literature regarding
the efficacy of acupuncture in modulation immunity.
3.2. Methodology
As from the selected article was organized some data that can help to support future work
or point out gaps in knowledge,regarding the applicability of acupuncture in the modula‐
tion to immunity, choice of biochemical markers and immunomodulators acupuncture
points.The use of systematic reviews as a means of research methodology, has increased,and
has been shows to be of great contribuition and impacto internationally l [15]. To organize
this chapter were considered scientific papers from journals, scientific repositories, MED‐
LINE, PUBMED, bibliography of articles on manual search, the Cochrane Library. The key‐
words “acupuncture and/or electroacupuncture in treatment of :”cancer”,
“immunossupressed“,” immunodeficiency”,”allergic process”,”inflammation proc‐
ess”,”AIDS” and “modulation to immunity with acupuncture and/or electroacupuncture
“.The reference lists of studies retrieved were examined to capture any other potentially rel‐
evant articles.
The inclusion criteria were:
a. Publication between january 2001 to december 2011.(The period was limited intention‐
ally, because they understand that there was growing improvement in the methodology
of scientific research, as well as growing interest in the field of acupuncture).
b. Clinical interventions and / or case studies, contain a description of immunological and
biochemical markers, as well as the acupuncture points.
c. Experimental studies in human and / or animal,contain a description of immunological
and biochemical markers, as well as the acupuncture points.
d. Reviews of clinical effectiveness of acupuncture, involving the key words.
e. Study of mechanisms of action of acupuncture modulation of immunity.
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Studies were excluded if they:
a. Used mixed intervention whith other therapeutic techniques besides acupuncture and
electroacupuncture, such as medication, surgery, physiotherapy.
b. Used mixed intervention whith other techniques of Traditional Chinese Medicine such
as: moxibustion, herbal medicine,hot needles, auriculotherapy,bleeding and cupping.
From the variables studied aimed to answer the following questions:
a. Acupuncture is effective to strengthen the immunity?
b. What are the diseases or conditions are more studied?
c. What are the most appropriate markers to study the immunomodulatory effects of acu‐
puncture?What are the most appropriate acupuncture points and designated for im‐
munity?
d. What are the acupuncture techniques most frequently used in research on modulation
of immunity ?
3.3. Results
The initial search identified 79 studies the databases. After reading these articles should
were select and evaluated 67 relevant papers(Table 1 and 2). Table 1 shows the experimental
and clinical studies with acupuncture,by humans and animals.In the Table 2 only the stud‐
ies for style of a systematic review and / or models involving mechanisms of action of the
immunity response to acupuncture. The summary of the data, were ordered by publication
date, plus their respective authors, type of population, acupuncture technique, acupuncture
points used and the main results or conclusions of the studies. From these structured to Fig‐
ures 2 and 3 where only the most relevant results and those that are repeated in different
papers, were considered. Tables 3 to 7 are summarized also derived from the contents car‐
ried compiled.
It can be seen by looking at Figure 2, the acupuncture point more tested in experimental
studies in rats and humans was St 36 (Zusanli), together making a total of 39 articles (73.5%)
of articles mentioning acupuncture points tested, and with animals, especially rats(14pa‐
pers) and humans( 25papers).As related to the point ST36 with the population profiles
found in animals, 48% with inflammation [16,18,23,26,30,39,41,46,48,54,59], 26% of post-sur‐
gical, trauma or stress induced by cold [21,31,34,38,56,57]), 13% with cancer [48,50,58], 9%
with allergic processes [42,52] and only 4% of healthy individuals [35].However in humans,
there were no highlights for either disease as an object of study, and found the use of St 36 in
inflammation [63], cancer [47], allergic rhinitis [17,27,29], elderdy [19,65] and athletes [24],
healthy [40],depression [64] In humans, the equivalence point with ST36 (Zusanli) appears
LI4 (Hegu), with 14 and 12 papers respectively, and in 8 of these items, the points LI 4, and
St36 are used simultaneously. In animals there was only one papers used LI 4 acupuncture
point, separately, being expressed clearly in Figure 2.
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and clinical studies with acupuncture,by humans and animals.In the Table 2 only the stud‐
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AUTHOR YEAR POPULATION TECHNIQUE POINTS RESULTS/CONCLUSION
LI, YN.et al [16] 2001 rats
inflammation
EA ST36 ↓ IL2, TNFα,IL6
PETTI, FB.et al [17] 2002 human
allergic rhinitis
ACP ST36 ,LI4 ↓IL 10
↑IL2
IL6 did not change
TIAN, L.et al [18] 2002 rats
ulcerative colitis
EA ST36 ↓ TNFα
KARST, M.et al [19] 2002 human
elderly
ACP ST36,LI4,SP6 Neutrophil and respiratory burst did
not change
MORI, H. et al [20] 2002 human
healthy
EA LI4, LU6 ↓ Heart rate, stimulates SNP and
suppresses SNS, modulates immunity,
normalization of lymphocytes and
granulocytes.
CHOI, GS. et al [21] 2002 rats
hypothalamic lesion
EA ST36 ↑NK cells
KARST, M.et al [22] 2003 human
healthy
ACP LI11 ↑ TNFα
TIAN, L. et al [23] 2003 rats
ulcerative colitis
EA ST36 ↓ IL6,IL8, TNFα
AKIMOTO, T.et al [24] 2003 human
athlets




YU, P.et al [25] 2003 human
Behcet’s disease
ACP No cites ↓ IgM, Zn, and recurrence rate
PARK, MB.et al [26] 2004 mice
inflammation
EA ST36 ↓ IgE,IL4,IL13,inflammation
INFg did not change




IL6, eosinophils did not change.
improvements in allergic symtoms
JOHANSEN, M.et al [28] 2004 human
healthy
ACP LI4 ↑ IL2, IFNg










ACP ST36,DU1 ↓ Peritoneal neutrophils and bacterias.
HAHM, ET .et al [31] 2004 rats
hypothalamic lesion
EA ST36 ↑NK cells









TNFα,IL10 did not change.











WANG, J.et al [34] 2005 rats
post-surgery
EA ST36, lan wei ↓ Lymphocyte apoptosis by inhibiting
FAS protein andimmune depletion
after surgery
KIM, CK .et al [35] 2005 rats healthy EA ST36 ↑ NKcells




↓ CD3 CD8 CD4
↓ Leukocytes and lymphocytes.
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AUTHOR YEAR POPULATION TECHNIQUE POINTS RESULTS/CONCLUSION
Did not change cortisol and
norepinephrine
ZANG, RX.et al [37] 2005 rats
inflammation
EA GB30 ↓ edema, inflammation↑
corticosterone
SHEN, GM.et al [38] 2006 rats
cold stress
EA ST36 ↓ Gastric motility and nitric oxide.
HUANG, CL.et al [39] 2006 rats
inflammation (lung)
ACP ST36 ↓ inflammatory injury
↓ nitric oxide and nitric oxide synthase




↑ CD2 CD4 CD8 CD11B CD16 CD19 e
CD56 by exhaustion; activates
macrophages
YIM, YK.et al [41] 2007 rats
inflammation
arthritis
EA ST36 ↓ IL6, TNF, INFy
LEE, Y.et al [42] 2007 allergic
mice
EA ST36 ↓ IL4 anti CD3 and IgE block the
allergic process








Modulates the immune system to
anxiety.
↑ phagocytosis, NK cells, lymphocytes;
↓ Reactive oxygen species (ROS)↓
anxiety
LU, W . et al [44] 2007 human
after chemotherapy
ACP No cites ↑ leukocytes in leukopenic post
chemotherapy (average of 1221 cells /
ul)





HUANG, CL.et al [46] 2007 rats
inflammation
(kidney/liver)
ACP ST36 -ACP before treatment:
↓ injury by inflammation (kidney)
↑ Nitric oxide renal and NO
synthase,but did not occur in liver
injury.
- ACP post injury: the inflammatory
process is not contained in liver and
kidney.
YE, F .et al [47] 2007 human after
chemotherapy
EA ST36,SP6,PC6 ↓ Depletion of chemotherapy
did not change:IgG,IgM,IgA,CD3,
CD4,CD8,NK cells, leukocytes





↓ leukocyte inflammatory process
↑ leukocytes in leukopenia.
ZHANG, LJ.et al [49] 2008 human
mammary hyperplasia




LAI, M. et al [50] 2008 rats /cancer EA ST36,LR4,SP6 ↑ IgA,IgG,IgM,CD4
↓CD8
YAN, J.et al [51] 2009 rats EA ST37 ↑IL4
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AUTHOR YEAR POPULATION TECHNIQUE POINTS RESULTS/CONCLUSION
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AUTHOR YEAR POPULATION TECHNIQUE POINTS RESULTS/CONCLUSION
ulcerative colitis ↓IL1b
KIM, SK.et al [52] 2009 mice/allergy EA ST36 ↓ IL4 e IgE
Effects independent of frequency
GAO, H. et al [53] 2009 human allergy ACP DU11 ↓ IgE, did not change symptoms
FERREIRA, AS.et al [54] 2009 rats
inflammation
(lung)









CSFg did not change
↑ leukocytes, softened effects
chemotherapy
WANG, J .et al [56] 2009 rats
surgical injury
EA ST36 Inhibits inflammatory cytokines↓
inflammation
WANG, K.et al [57] 2009 rats
surgical injury
EA ST36 ,lanwei ↑IL2,INFα
LEE, HJ.et al [58] 2009 rats
cancer
EA ST36 ↑ 51.46% more β endorphin in blood
and 12.6% in the brain compared to





ACP ST36,SP6 ST36 is better than anti-inflammatory
SP6 for gastrointestinal disorders.
MATSUBARA, Y.et al [60] 2010 human sedentary EA ST36, LI4, LU6,
ST6
Acupuncture attenuates the decrease
in salivary IgA caused by physical
exhaustion.
KARST,M.et al [61] 2010 human
healthy
ACP LI11 ↑ IL8
TNFα,IL 10 and endorphin did not alter
HAN, YF. et al [62] 2010 human
leukopenic
ACP SJ6,IG4,IG11 ↑ CSFg , ↑ maturation of neutrophils





↓ IL1, IL4, IL6,IL10,
SUN, H. et al [64] 2010 human
depressive
EA ST36,DU20 ↓ IL1, IL6
TNFα not changed
PAVAO, TS.et al [65] 2010 human
elderly
ACP LI4,ST36,SP6 ↑ lymphocytes T
SILVA, MD.et al [66] 2010 rats
peritoneal
inflammation
ACP SP6 ↑ IL10 and ↓ adrenal stimulation by
inflammation; not changed TNF α e
IL1b









Table 1. Experimental and clinical studies on acupuncture modulation of immunity
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AUTHOR YEAR APPROACH TECHNIQUE POINTS CONCLUSION
ZIJLSTRA, FJ.et al [68] 2003 immunophysiological
(inflammation)
ACP No cites ACP has pro-inflammatory effects with
↓ TNF, and anti-inflammatory with ↑
IL10
CHEN, JX et al [69] 2006 neuroimmunological ACP Meridians and
acupoints
In the acupuncture point and meridians
is increased norepinephrine, and
modulation of L-arginine-derived nitric
oxide by the SNS (sympathetic nervous
system)
CHO, ZH. et al [70] 2006 neurophysiological and
neuroimaging
ACP/EA No cites Acupuncture acts in neurophysiology
and molecular basis, and its effects can
be evaluated mechanisms also by
functional magnetic resonance (fRMI)
and tomography






The nitric oxide is at high levels in the
skin surface in the acupoints and










CABIOGLU, MT ; CETIN,
BE [73]
2008 neurophysiological EA e ACP No cites ACP EA and modulate the immune
system, for local , neuronal and
neurohumoral expression.
PENG, G [74] 2008 neurophysiological ACP No cites ACP makes immunomodulation by
complex mechanisms of the HPA axis
and cholinergic anti inflammatory
pathways.
ROBERTS, J et al [75] 2008 allergic rhinits/clinical
efficacy
ACP No cites There is no sufficient evidence that the
ACP is effective..




ACP No cites ACP has clinical efficacy
LEE, MS et al [77] 2009 allergic rhinits/clinical
efficacy
ACP No cites ACP has clinical efficacyFuture studies
require inclusion of groups shan,
controls, and larger samples
TAKAHASHI,T.et al [78]2009 immunophysiological EA e ACP No cites - ACP modulation function and number
of neutrophils;
↓ Apoptosis after injury and FAS
protein;
- EA ↓ norepinephrine
corticosterone B endorphin and ACTH
in stress
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AUTHOR YEAR POPULATION TECHNIQUE POINTS RESULTS/CONCLUSION
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It increases the cytotoxic activity of NK
cells by cross effect between
neurotransmitters and the immune
system (nitric oxide, endorphins,
cytokines).
MANNI, I .et al [80] 2011 neuroimmunological EA No cites There is a biochemical synergism





Table 2. Papers with mechanism of action models of acupuncture in immunomodulation and reviews.
Figure 2. Main immunomodulators acupuncture points cited on the papers.
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Figure 3. Number of papers vs techniques
In view of the purposes stated in the methodology of this review, prepared to Figure 3,
which shows the distribution of numbers of papers regarding the use of the techniques of
acupuncture (ACP) and electroacupuncture (EA) or both simultaneously (ACP + EA). Of the
56 papers that reported the technique used, 26 papers used ACP, 27 EA and 2 used both
techniques (ACP + EA).
Elaborated the tables 3 to 7 on the basis of immunological and biochemical markers found in
the papers of this study.
markers IL1β IL2 IL 4 IL 6 IL 8 IL 10 IL 18 Total
increase --- 3 1 --- 3 2 --- 9
decrease 5 1 4 5 1 3 1 20
no change 1 --- --- 2 --- 2 --- 5
Table 3. Number of papers that used Interleukins (IL) vs effects of acupuncture or electroacupuncture.
Table 3 shows the number of papers mentioning the Interleukins (IL) and immunological
markers in studies with acupuncture or electroacupuncture. If we add all papers, where af‐
ter acupuncture decreased the Interleukins, make up 58% versus 27%, which increased and
15% that have not changed.
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Table 3. Number of papers that used Interleukins (IL) vs effects of acupuncture or electroacupuncture.
Table 3 shows the number of papers mentioning the Interleukins (IL) and immunological
markers in studies with acupuncture or electroacupuncture. If we add all papers, where af‐
ter acupuncture decreased the Interleukins, make up 58% versus 27%, which increased and
15% that have not changed.
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markers CD 2 CD 3 CD 4 CD 8 CD11B CD 16 CD 19 CD 56
increase 1 2 4 5 3 1 1 1
decrease --- 2 2 2 1 --- --- ---
no change --- --- --- --- --- --- --- ---
Table 4. Number of papers that used markers CD vs effects of acupuncture or electroacupuncture.
Table 4 expressed a distribution of the papers mentioning the immunological markers of
type CD. It is felt that there was a higher concentration in the selection of CD4 and CD8
markers. Important to note that the use of CD11b, CD16, CD19 and CD59, it is one and the
same article [40]. There is a distribution of 72% of the papers where there were increases in
CD, compared with 28% reduction and no article with “no change” after the intervention
with acupuncture or electroacupuncture.
markers Leukocytes Eosinophils Lymphocytes Moncytes Neutrophils
increase 3 --- 2 --- 2
decrease 3 --- 2 1 2
no change 1 1 --- --- 1
Table 5. Number of papers used for Blood cells vs effects of acupuncture or electroacupuncture.
In the Table 5 were grouped the blood cells, relating them to their results after the interven‐
tion of acupuncture or electroacupuncture. Were the most representative use of total leuko‐
cytes, primarily found in 38% of the papers, followed by, lymphocytes and neutrophils, with
26% each, and eosinophils, monocytes with 5% each.
markers increase decrease no change
Ig A 3 --- 1
Ig E --- 4 ---
Ig M --- 1 ---
IFNg/y 2 1 1
CSFg --- 2 ---
TNFα 1 7 3
NK cells 5 -- ---
endorphins --- 13 ---
Table 6. Immune-biochemicals markers after the intervention; effects of acupuncture or electroacupuncture.
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In the Table 6,are grouped the markers that were present in at least three or more papers.
Were excluded from the markers that were cited in the minority (IgG, cortisol, CGFS, lym‐
phocyte apoptosis, VIP (vasoactive intestinal peptide), substance P, reactive oxygen species
(ROS), nitric oxide and macrophages).
characteristics increase decrease no change
inflammation - 8 1
symptoms - 13 2
Table 7. Distribution of the presence of terms of service and Symptoms Inflammation X after the intervention effects
with acupuncture and electroacupuncture.
To end the presentation of results was elaborated in Table 7 that grouped the papers about
some terms that, although generic, were explicit in the results and / or completion of the ar‐
ticles studied. Since the terms chosen: inflammation and clinical symptoms. Of the articles
that included in their conclusions applicability of techniques for ACP and EA the terms in‐
flammation, in the 88% of the papers cited have demostrated decrease, and only 11,2% cit‐
ed,no change in the inflamatory process.No papers cited the occurrence of increased
inflamatory process.When refers to symptoms have been reported in articles 15, and these
86,6% it is stated that reduction of pathological symptoms studied, and there were no
changes 13,3%. No papers mentioned that the pathological symptoms increased. Among the
symptoms referred to in these papers are specific: present in respiratory allergy rhinitis, ede‐
ma, depression, physical exhaustion, adverse effects of chemotherapy and anxiety.
3.4. Discussion
3.4.1. As for immunomodulation effects and clinical efficacy
The ACP and EA its shares in neurophysiology and molecular basis [70].Its effects and
mechanism of action can be evaluated by magnetic resonance imaging and computed to‐
mography [70]. Ma [71] following another line of study, demonstrated the immunohistologi‐
cal nature of the meridians and acupoints, where he verified that there is high concentration
of nitric oxide. The immunomodulatory effects of ACP and EA are confirmed by studies
with diverse biochemical markers described in Table 1.
They are among the principal effects immunomodulatory:
a. Decrease of celular apoptopsis
b. Increase cytotoxic activity
c. Synergism biochemical between the EA and neurotrophyn(NGF)
d. Mobilization of corticosterone,endorphine and ACTH.
e. Pro-inflamatory and antinflamatory effects.
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We observed that acupuncture has clinical efficacy in some situations, as in allergic process‐
es, and in pain [1,2,3]. In other stages as inflammation can reduce or block the inflammatory
process, but will depend on the stage he is and also the origin of this process. Recall for ex‐
ample in case of tendonitis, that acupuncture can reduce pain, edema, hyperemia, provide
gain range of motion.However the origin of tendinitis is caused by repetitive strain, com‐
pression of nerve roots, weakness or muscle shortening, which in these cases need conven‐
tional physiotherapy intervention, exercise, manipulation, and / or resting muscle.Finally we
have a group of pathogenic conditions where acupuncture may improve symptoms and
quality of life, but the effect is still very poor immunological results and research in the area
are being made, as in the case of degenerative processes, immunodeficient [10] and immu‐
nosuppressed patients [60]. In patients or cancer models, as well as elderly, where usually
has low of immunity defenses, the acupuncture and electroacupuncture demonstrated in
this study that increases the immunity, being a possibility of complementary therapeutic re‐
source.In the acute or cronic inflammation and allergic processes ACP and/or EA demon‐
strated modulate the immune response, decreasing the hyperresponsiveness of the markers
pro – inflammatory [48].
3.4.2. As for the immunologic markers
3.4.2.1. Interleukins (IL)
Interleukins (IL) constitute a class of cytokines, and soluble proteins that act as humoral reg‐
ulators at nano or picomolar concentration by modulating the functional activities of cells
and tissues through specific receptors of target cells [81]. In this study, we included studies
of acupuncture in humans and animals, whereas several groups with different immune defi‐
cits, such as those with cancer, allergies, physical exhaustion, inflammation, and studies
with healthy groups. In general there were more studies demonstrating that after acupunc‐
ture decreases interleukins, with 58% of research, compiled and summarized in Table 4.
Were 27% that increased and 15% of the research there were no changes. It is understood
that specificity is in the release of each group of interleukins. Some authors demonstrate that
IL-6 [82] and IL10 [83] may increase after intense physical exhaustion, simulating an "inflam‐
matory reaction" while IL8 increase but at a later continuous process of exhaustion [83]. In
this review, it was shown that IL6 interleukin decreased after acupuncture in 5 of 7 of the
articles has been markers, slowing a reduced immunological response. The interleukin ap‐
peared in two papers which show increase [66,68], where tree have decrease [17,63,67] and
two no change [32,61], the results so far divided.Tian et al [18] in a research with EA says it
is still unknown whether electroacupuncture can keep the balance between the anti-inflam‐
matory and pro-inflamatory cytokines.He further states that the specific mechanisms of reg‐
ulation of IL4, IL10 and IL13, when acupuncture have decreased these pro-inflammatory
cytokines not been totally elucidated. Perhaps this explanation justifies the inconclusive re‐
sults of the use of IL10 in our review.
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3.4.2.2. Blood cells
a. Total leukocyte and interleukins acute stage
As for total leukocytes, as shown in Table 6, there was a decrease in 43% of research
[36,48,54].Had increased by 43% [44,48,55] and in 14% of papers no change [47].Is remarka‐
ble to note that the papers that report that acupuncture increased the total leukocytes, are all
with a population of leukopenic patients after chemotherapy, and in papers that report de‐
creased after acupuncture are affected population inflammatory process. This data, demon‐
strate that acupuncture can both increase or decrease the inflammatory response,
corroborating with Zijlstra [68], whose author claims that acupuncture has immunomodula‐
tory effect. According to Silva [84],the leukocytes produce IL-1 and IL-6 among the main de‐
fense markers in acute inflammatory response. Looking at Table 4 the papers that were used
as a marker of immune IL1, 86% after acupuncture had a decrease [32,51,63,64,72], and 14%
no change [66]. The IL-1 has a similar function to the tumor necrosis factor (TNF), which is
to mediate the innate immune response in especially inflammatory type.The main cellular
source of IL-1 second as report by Abbas [85] are th’activated mononuclear phagocytes.
In the specific case of IL6, 75% of the papers that used this marker, decreased after acupunc‐
ture [23,41,63,64,72] against 25% no change [17,27]. It is noteworthy that all the items where
IL1 and IL6 are decreased refer by population studies with inflammatory processes. This
fact therefore confirms the literature and demonstrates that acupuncture can be an resource
to inhibit the firing of immune responses to acute inflammatory origin. The mechanism for
this increase suggests, is associated with the fact that IL-6 produced by fibroblasts and mon‐
onuclear phagocytes in response to IL-1 stimulates the hepatocytes to synthesize acute
phase proteins, which act on the hypothalamus. Cooper [86] in his studies, concluded that
the mechanism of action by which acupuncture makes its immunomodulatory effects are as‐
sociated with stimulation of the hypothalamic-pituitary-adrenal axis, showing links between
the endocrine,nervous and immune systems.
Enhancing the action of acupuncture and electroacupuncture in immunomodulation of the
acute process was found 64% reduction in the articles that have been used as a marker of
TNF [16,18,23,41,67,68,72],compared with 27% of the articles without change [61,64,66], and
only 10% with an increase [22]. The studies in oncology are of unquestionable importance.
Leukopenia is a constant in cancer patients submitted to chemotherapy.In the research com‐
piled here, showed that the ACP and EA can modulate in a positive way by increasing leu‐
kocytes [44,48,55]. Lu, W.et al [44] came to the conclusion in a study involving humans with
EA after chemotherapy there was an average increase of 1221 white cells / ul. These data are
encouraging, especially if added to increase the cytotoxic activity of NK cells, as reported by
other authors [11,21,31,35,43].
b. Lymphocyte
As for lymphocytes, no conclusive interpretation in the literature, for some authors, such as
Lu et al [55] and Pavão et al [65], that acupuncture said increases lymphocytes, while others
such as Kou et al [36] and Ferreira et al [54] found a decrease in their research.
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ulators at nano or picomolar concentration by modulating the functional activities of cells
and tissues through specific receptors of target cells [81]. In this study, we included studies
of acupuncture in humans and animals, whereas several groups with different immune defi‐
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with healthy groups. In general there were more studies demonstrating that after acupunc‐
ture decreases interleukins, with 58% of research, compiled and summarized in Table 4.
Were 27% that increased and 15% of the research there were no changes. It is understood
that specificity is in the release of each group of interleukins. Some authors demonstrate that
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ulation of IL4, IL10 and IL13, when acupuncture have decreased these pro-inflammatory
cytokines not been totally elucidated. Perhaps this explanation justifies the inconclusive re‐
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This apparent contradiction of results must be interpreted in light of the the therapeutic ob‐
jectives that acupuncture provides to different pathological conditions. Evaluating the arti‐
cles can see that those among populations where there was an increase of lymphocytes, are
patients with cancer and inflammatory processes. In these cases, therefore it is desirable that
there is an increase in defenses
Furthermore, papers which show after acupuncture lymphocytes decreased were evaluated
in a population with predominantly inflammatory process, therefore also a desirable result.
It is concluded therefore that acupuncture has an immunomodulatory effect, can raise or
lower the lymphocytes, depending on immuno-pathogenic requirements. In cellular im‐
munity, T cells CD4+, activates macrophages to destroy phagocytosed microorganisms
while CD8+ T lymphocyte,kill infected cells whiyh intracellular microbes [85]. The Comple‐
ment System, consisting of serum glycoproteins and cell membrane, which along with the
antibodies form the main mediators of the humoral immune response in the inflammatory
process [85].The compiled studies show that acupuncture helps in stimulating this pathway
of immune response, with 72% who used the results of immunochemical markers CD sys‐
tem, pointing to an increased presence of complement, after the intervention [40,49]. All re‐
search were performed in humans with cancer and also healthy, submitted to physical
exhaustion, pointing to possibilities of acupuncture not only strengthen the immune proc‐
ess, but also be preventive. As for the markers of the complement system there was no con‐
sensus on what would be the most suitable. Of the five papers in the literature, the data
were repeated if more CD4 + and CD8 + T cells.
The lymphocytes T, still produce CD3,IL2,IL4,IL5,IL6,IL8,IL10,IL13 and IFNy. With this
comprehension is justifiable the increase demonstrated in the distribution illustrated in the
Table 4. The papers, where CD3, CD4 and CD8 presented decrease after the acupuncture
[36,54], were singularly at the same population profiles where there were lymphocytes de‐
crease (stress,inflammation). Agrees, therefore desirable this decrease, like form of blocking
the of the inflammatory process.
3.4.2.3. Immunoglobulins (Ig)
The immunoglobulins or antibodies represent a glycoproteins family related structurally,
produced by the lymphocytes B, linked or secreted by cellular membrane [85].Among im‐
munoglobulins, find IgA present in great quantity in mucosal. Akimoto [24]and Gleesen [87]
show that IgA salivate decreases in exercises exhausting case, as well as the population of
total lymphocytes predisposing especially athletes population the diseases of the respiratory
treatment. The results expressed in the Table 6, they demonstrate that the acupuncture can
increase IgA indices after exhaustion as in physical depletion cancer processes [24,50,60],
signalling for acupuncture possible benefits in immunomodalation. Other immunoglobulin
related in the papers was Ig E. According Abbas. [85], individuals with allergic process is
found high levels of immunoglobulin IgE, in response to environment allergens, in the same
way that IL4. In 100% of the papers that used IgE as markers, the results found after the acu‐
puncture went of reduction in the serum levels [26,29,52,53].In the same way found a coher‐
ence in the citations of other authors, white respect to decrease to IL4 after the acupuncture
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[26,42,52,63]. Such fact corroborates with a tendency for consensus that the acupuncture ef‐
fect is immunomodulators in the allergic processes, being. Therefore IgE and IL4 are the best
markers for researches and clinical support.
3.4.2.4. Markers of adaptive immune response
According to Abbas [85] the immunity immunity also known as it specifies is mediated by
the lymphocytes and stimulated by infectious agents. It characterizes by the rare specificity
of the distinct macromolecules and memory. They make her part the liberation of comprises
the following cytokines: TNFα, IFNy or gamme (g) that then it stimulates the interleukin
proliferation IL2.The production of interferon IFNy (in animals) and IFNg (in humans) is
produced starting from NK cells activated and lymphocytes T(effectors). Is consistent data
that demostrate the correlation among the increases of NK cells and IFNy/g. The studies that
were used of interferon IFNy/g with marker, there were 50% of the papers with increase
[28,57], 25% with reduction [41] and 25% no change [26]after the acupuncture or eletroacu‐
puncture. As for IL2 also followed the same line of results, with increase serum levels pre‐
dominance with 75% of the papers that were used of this marker relating increase [17,28,57]
and 25% decrease [15].
Although NK cells are part of the innate immune response, and not the adaptive response,
this class of lymphocytes trigger the release of the adaptive response through the produc‐
tion of interferon (IFN). In our studies was verified in the Table 7 that in 100% of these pa‐
pers,were used of the NKcells as markers, there was increase after acupuncture and
electroacupuncure [11,21,31,35,43]. There were no papers that are used as a marker of NK
cells expressed reduction. Therefore the result obtained in studies of NK cells are consistent
to those found with IFN, demonstrating that the ACP and EA immunomodulators.
3.5. As for the acupuncture points
The acupuncture point is specified location along the route known as meridians. Although
known by physicians for thousands of years, acupuncture points or acupoints as they are
known, attracted a few decades ago the condition of being surveyed with modern resouces.
Chen et al [69] showed that the acupuncture points and meridians is increased norepinephrine,
and modulation of arginine,derived nitric oxide by the sympathetic nervous system (SNS). Ma
et al [71] also found high concentrations of nitric oxide, and these did not suffer reduced to ni‐
trate by bacteria in skin. The acupoint ST 36 has its original name as Zusanli, in chinese ZU
means foot, and three SAN LI distance, translated as the point that "tones the body to walk long
distances" [6]. It is a point used in clinical routine as a useful point to treat fatigue and low im‐
munity, and analgesics, which goes against the findings in the studied articles, where the re‐
sults shows that the ST36 is the most researched, both in humans and in animals.and is its
present in 73.5% of the papers. We believe that this effect occurs because of the ease and stabili‐
ty in the anatomical containment and retention in rats when compared with other points, and
because there is an established animal model in this location [52].The LI 4 was the second most
cited in humans, with 12 papers. This acupoint is easily located on the back of the hand be‐
tween the first and second metacarpal, within the second half of the metacarpal bone, is very
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This apparent contradiction of results must be interpreted in light of the the therapeutic ob‐
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there is an increase in defenses
Furthermore, papers which show after acupuncture lymphocytes decreased were evaluated
in a population with predominantly inflammatory process, therefore also a desirable result.
It is concluded therefore that acupuncture has an immunomodulatory effect, can raise or
lower the lymphocytes, depending on immuno-pathogenic requirements. In cellular im‐
munity, T cells CD4+, activates macrophages to destroy phagocytosed microorganisms
while CD8+ T lymphocyte,kill infected cells whiyh intracellular microbes [85]. The Comple‐
ment System, consisting of serum glycoproteins and cell membrane, which along with the
antibodies form the main mediators of the humoral immune response in the inflammatory
process [85].The compiled studies show that acupuncture helps in stimulating this pathway
of immune response, with 72% who used the results of immunochemical markers CD sys‐
tem, pointing to an increased presence of complement, after the intervention [40,49]. All re‐
search were performed in humans with cancer and also healthy, submitted to physical
exhaustion, pointing to possibilities of acupuncture not only strengthen the immune proc‐
ess, but also be preventive. As for the markers of the complement system there was no con‐
sensus on what would be the most suitable. Of the five papers in the literature, the data
were repeated if more CD4 + and CD8 + T cells.
The lymphocytes T, still produce CD3,IL2,IL4,IL5,IL6,IL8,IL10,IL13 and IFNy. With this
comprehension is justifiable the increase demonstrated in the distribution illustrated in the
Table 4. The papers, where CD3, CD4 and CD8 presented decrease after the acupuncture
[36,54], were singularly at the same population profiles where there were lymphocytes de‐
crease (stress,inflammation). Agrees, therefore desirable this decrease, like form of blocking
the of the inflammatory process.
3.4.2.3. Immunoglobulins (Ig)
The immunoglobulins or antibodies represent a glycoproteins family related structurally,
produced by the lymphocytes B, linked or secreted by cellular membrane [85].Among im‐
munoglobulins, find IgA present in great quantity in mucosal. Akimoto [24]and Gleesen [87]
show that IgA salivate decreases in exercises exhausting case, as well as the population of
total lymphocytes predisposing especially athletes population the diseases of the respiratory
treatment. The results expressed in the Table 6, they demonstrate that the acupuncture can
increase IgA indices after exhaustion as in physical depletion cancer processes [24,50,60],
signalling for acupuncture possible benefits in immunomodalation. Other immunoglobulin
related in the papers was Ig E. According Abbas. [85], individuals with allergic process is
found high levels of immunoglobulin IgE, in response to environment allergens, in the same
way that IL4. In 100% of the papers that used IgE as markers, the results found after the acu‐
puncture went of reduction in the serum levels [26,29,52,53].In the same way found a coher‐
ence in the citations of other authors, white respect to decrease to IL4 after the acupuncture
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proliferation IL2.The production of interferon IFNy (in animals) and IFNg (in humans) is
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[28,57], 25% with reduction [41] and 25% no change [26]after the acupuncture or eletroacu‐
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Although NK cells are part of the innate immune response, and not the adaptive response,
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tion of interferon (IFN). In our studies was verified in the Table 7 that in 100% of these pa‐
pers,were used of the NKcells as markers, there was increase after acupuncture and
electroacupuncure [11,21,31,35,43]. There were no papers that are used as a marker of NK
cells expressed reduction. Therefore the result obtained in studies of NK cells are consistent
to those found with IFN, demonstrating that the ACP and EA immunomodulators.
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The acupuncture point is specified location along the route known as meridians. Although
known by physicians for thousands of years, acupuncture points or acupoints as they are
known, attracted a few decades ago the condition of being surveyed with modern resouces.
Chen et al [69] showed that the acupuncture points and meridians is increased norepinephrine,
and modulation of arginine,derived nitric oxide by the sympathetic nervous system (SNS). Ma
et al [71] also found high concentrations of nitric oxide, and these did not suffer reduced to ni‐
trate by bacteria in skin. The acupoint ST 36 has its original name as Zusanli, in chinese ZU
means foot, and three SAN LI distance, translated as the point that "tones the body to walk long
distances" [6]. It is a point used in clinical routine as a useful point to treat fatigue and low im‐
munity, and analgesics, which goes against the findings in the studied articles, where the re‐
sults shows that the ST36 is the most researched, both in humans and in animals.and is its
present in 73.5% of the papers. We believe that this effect occurs because of the ease and stabili‐
ty in the anatomical containment and retention in rats when compared with other points, and
because there is an established animal model in this location [52].The LI 4 was the second most
cited in humans, with 12 papers. This acupoint is easily located on the back of the hand be‐
tween the first and second metacarpal, within the second half of the metacarpal bone, is very
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suitable in the literature for improving immunity in particular inflammation, fever, and as a
powerful analgesic [4,5]. However it is observed that no uniformity in relation to the use of this
point in the human population under study, with respect to pathologies. It was used in work
with proposed immunity in asthmatic subjects, anxious, healthy, sedentary and athletes. In an‐
imals, however there was only one article that used the LI 4.
We believe that is due to the high pain sensitivity, found in the distal portion of forepaws
and little anatomical support, which would make the containment of animals and mainte‐
nance of the needles.Although escarces research, the use of aggregate LI 4 acupoint appears
to others. Can not conclude therefore that the immunomodulatory effect shown is resulting
from the isolated use of LI 4, as occurred with ST36.
3.6. The use of techniques of acupuncture (ACP) and electroacupuncture (EA)
The act of dry needling, known with acupuncture is the most technique standard of Tradi‐
tional Chinese Medicine. Known millennially is widely used in clinical and research of acu‐
puncture in humans and / or animals. In our study we noticed an homogenic distribution
between the techniques, in the papers that used the ACP with 47% against 49% who used
EA, and 4% with both techniques: ACP + EA. It was found as expressed in Figure 3 a greater
number of papers with ACP in humans, animals and against EA was correspondingly high‐
er. As the technique of acupuncture to more classic and old, it's understandable that it is
more accepted in research with humans, both for its ease of operation, whether the receptiv‐
ity of the volunteer. Recalling that there for fear of "get a shock," in EA justification is consis‐
tent with other authors [2].
Electroacupuncture compared with classical acupuncture with dry needling, is relatively
more recent In approaching to research, and clinical applicability has much to be investigat‐
ed, especially as regards the physical parameters that EA should follow to achieve their
therapeutic effects [3], although their use is spreading might rate around the world. Cabio‐
glu [73] dont differs in its conclusions, the ACP and EA, allocating both the fact that modu‐
late the immune system for local, neuronal and neurohumoral expression.
The ways in which EA works in the body is well studied with regard to their analgesic effects
[2], but very little about their imunomodulatory effects in order to differentiate it from ACP. In
our studies we found only one papers [78] which conclude that differences in the various sub‐
stances to be detected, demonstrated in Table 2. The way the immune mechanism of action of
EA suggested by this author proposes that EA inhibits excessive ACTH in the processes of
stress. Johnston et al [11] studying the mechanism of action of ACP on cancer prevention found
that there is an increase of cytotoxic activity of NK cells by cross effect between neurotransmit‐
ters and immune system (nitric oxide, endorphins, and cytokines). Remember that EA in the
case of the effect of electric current enhances the release of endorphins, a mechanism already
well studied in analgesia [3].By crossing the use of EA to the research, it was not found relation‐
ship as the selection of immune-biochemical markers. However the majority of studies with
EA,were carried with inflammation experimental models. It is believed that because of the ease
induction of inflammation in animal models it has been a relevant factor and consequently rep‐
resented by a large percentage (70%) of perpers with EA.
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4. Final remarks
The studies compiled in this chapter, shows that the ac and EA are effective in the modulation
of immunity.In these final remarks aimed to answer the questions proposed in this study.
The best markers for acute inflammatory processes are: IL1, IL6 and TNF alpha, and it is de‐
sired decrease in majority cases with ACP and EA. The best markers for allergic processes
are IgE and IL4.
With respect to count of eosinophil cell, was not conclusive for the scarce number of papers
in whith they where present. There were no articles describing the C-reactive protein (CRP)
as a biochemical marker. We recommend its use in future research. Is relevancy the number
of papers that relate in their conclusions, the reference to the generic term of “inflammation”
as well as of “clinical symptoms”. As described in the methodology, were excluded studies
which were based on exclusively on symptomatic evaluation, but in 15 papers appear in
their conclusions with immunological and / or biochemical markers, the terminology such as
inflammation and symptoms. We believe it is a way to supplement the data by adding a ref‐
erence to qualitative and quantitative, which has its importance and merit. The ST36(Zusan‐
li) acupoint, was the most studied regarding immunomodulation in humans and animals
and to for demonstrating satisfactory effects. We recommends your use in the clinic and re‐
search. The LI 4(Hegu) acupoint was so as screened for the ST36. However all the research
this point appears along with others. We suggest to research the LI 4 acupoint in modulation
of immunity, in an isolated manner, because can not conclude that the immunomodulatory
effect shown is resulting from the isolated use of LI 4, as occurred with ST36.We suggest
comparative research between the ACP and use of EA modulation of immunity. It is neces‐
sary also to EA more research in humans, because we observed that most research made in
this technique occurs in animals.The modern science advances to each moment, for wide
steps, especially with regard to technological resources for evaluation. However the human
suffering still persists, especially for the ones that do not have access to sources.As a re‐
searcher and expert in acupuncture more than two decades ago, we imagine there is still un‐
derstandings that underlie the basic theories of TCM, acupuncture with respect to the future
will be revealed comprehensible from the viewpoint of immunology.
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Acupuncture Effects on Bladder Activity and State
of Vigilance Through GABAergic Neuronal Systems
Yoshimasa Koyama and Hui Wang
Additional information is available at the end of the chapter
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1. Introduction
It has been reported that acupuncture to sevaral acupoints increases bladder capacity and that
it is used effectively for therapy to overactive bladder or for improving the symptoms of
nocturnal enuresis [1-3]. Acupuncture to other points can change the state of vigilance or
improve insomnia [4-6]. Acupuncture effets are, thus, confirmed in various clinical treatments,
however the neural mechanisms mediating these effects remain unknown.
We have shown that acupuncture to the sacral vertebra supresses bladder activity [7], and the
same point has an effect to induce the state close to deep sleep in urethane anesthetized rats
[8, 9]. During this series of experiments, it became clear that bladder activity had a close relation
with brain activity; that is, urinary bladder was more active when the rats were in a light
anesthetized condition than in a deep anethetized condition [10]. It can be expected that the
same mechanisms mediating acupuncture effects on bladder activity and on the state of
vigilance reside in the central nervous system.
In this article, based upon our neurophysiolgical data on the regulation of sleep and wakeful‐
ness and of micturition, we would introduce our hypothesis on the neural mechanisms
mediating the effects of acupuncture to the sacral vertebra.
2. Methods
2.1. Animals
Male rats (Sprague-Dawley) were used for the experiments. Rats were anesthetized by
intraperitoneal injection of urethane (1.0 g/kg) and additional doses (2 to 5 % of the initial dose)
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of the same anesthetic were given to maintain an appropriate level of anesthetic. The animals
were put in prone position with their heads fixed to a stereotaxic frame. All surgical wounds
were infiltrated with 2% lidocaine. Rectal temperature was kept at 37 °C with a heating pad
controlled through a feedback circuit. The present study was performed in Fukushima Medical
University under the control of the Animal Research Committee in accordance with the
Guidelines on Animal Experiments of Fukushima Medical University and the Animal
Protection and Management Law of the Japanese Government.
2.2. Experimental procedures
Rats were fixed to a stereotaxic instrument in prone posture. To analyze the effects of acu‐
puncture, activity of urinary bladder, electroencephalogram (EEG) and single neuronal
activity from the brainstem were recorded.
For recording urinary bladder pressure, a polyethylene catheter (outer diameter, 0.96 mm) was
inserted from the dome into the urinary bladder through a small incision in the lower ab‐
dominal wall, the catheter was fixed securely and the wound was closed. The catheter had a
bifurcation, with one end connected to a pressure transducer (Nihon-Koden, TP400-T) and the
other to a syringe filled with physiological saline. The latter was used to inject physiological
saline through an infusion pump (Harvard, Pump 11) to the bladder at a rate of 0.2 ml/min
until this induced spontaneous bladder contraction (0.4-1.0 ml). For recording electroence‐
phalogram (EEG), stainless steel bolts 1.0 mm in diameter were screwed to the skull overlying
the frontal and parietal cortices. Single neuronal activity was recorded through a glass pipette
electrode filled with 0.5-M sodium acetate containing 2% Pontamine sky blue. The electrode
was penetrated stereotaxically into the brainstem through a hole made in the skull overlying
the cerebellum. To avoid penetration of the venous sinus, the electrode was angled posteriorly
at 30° and lowered through the cerebellum. Neuronal activity was amplified through a high-
impedance amplifier and then a conventional amplifier with a time constant of 0.01 s. Record‐
ing sites were marked by ejection of Pontamine sky blue from the recording electrode.
For acupuncture stimulation, an acupuncture needle (diameter 0.3 mm) was positioned almost
vertically at the periosteum about 5 mm lateral to the midline of the lumber and sacral vertebrae
(L6 to S4) and rotated manually at a speed of about 1.5-2 turns/sec for one minute. The vertebra
for stimulation was located by palpation and in some animals the stimulated vertebra was
ground by a thick needle and accuracy of the target vertebra was checked after removing the
muscle around the vertebrae. It was confirmed that an acupuncture needle inserted to the
stimulation points and put there for one minute without rotation had no effect on bladder
contractions or neuronal activity. Acupuncture stimulation was judged to affect bladder
activity when the relaxation periods (time from the end of a bladder contraction to the
beginning of the next contraction after the stimulation) just after the stimulus exceeded twice
the average of five relaxation periods before stimulation.
To examine the involvement of the GABAergic system in acupuncture regulation, a dose of
2~4 mg/kg of bicuculline (GABA receptor antagonist, Sigma) was intraperitoneally injected
and the effects of acupuncture stimulation were compared with those before the injection.
Effects of acupuncture stimulation on neural activity were judged by comparing the mean
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firing rate measured for five contraction-relaxation cycles before stimulation with that
measured after stimulation. When the mean firing rate after stimulation increased to more than
150% of that before stimulation, it was judged to be excitatory, while when the value was less
than 50% of that before the stimulation, it was judged to be inhibitory.
2.3. Histology
After the experiment, the animal was deeply anesthetized with pentobarbital, and perfused
transcardially with 300 ml of 4% paraformaldehyde in 0.1-M phosphate buffer (pH 7.4). The
brain was removed from the skull and post-fixed in the same solution overnight, immersed in
30% sucrose for several hours, and cut on a freezing microtome at 50 μm in the frontal plane. To
identify cholinergic neurons, sections were processed for NADPH-diaphorase, a specific marker
of brainstem cholinergic neurons [11]. The sections were then counterstained by Neutral Red.
3. Results
3.1. Relation of bladder activity and state of vigilance
Under urethane anesthesia, rats alternatively exhibited two patterns of electroencephalogram
(EEG): larger amplitude slow wave, indicating a state of deep anesthesia and smaller and
slightly faster wave, sign of a light anesthesia. During a light anesthesia state, bladder
contractions occurred regularly and contentiously, while during a deep anesthesia state,
bladder contractions were completely suppressed (Fig. 1). This suggests that there is a close
relationship between the micturition regulating system and vigilance state or sleep-waking
regulating system. This article will try to elucidate the neural mechanisms of acupuncture
effects on micturition system and sleep-waking system, so the neural substrates for the
micturition system and sleep-waking system will be reviewed briefly in the following sections.
Figure 1. Changes in bladder activity and electroencephalogram (EEG) under urethane anesthesia. Under urethane
anesthesia, EEG exhibits alternative patterns, large amplitude slow wave and small amplitude faster wave. Urinary
bladder contracts when EEG shows smaller amplitude, while it becomes flaccid when EEG shows large amplitude. EEG,
electro encephalogram; UBP, urinary bladder pressure.
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3.2. Micturition center neurons in the brainstem regulating bladder contraction
The brain area regulating micturition was first investigated by Barrington [12], who revealed
that a restricted area from the caudal mesencephalon to rostral pons functions as a micturition
center and the locus was named, after him, the Barrigton’s nucleus. His work was confirmed
by electrical or chemical brain stimulation studies [13-15] or neuroanatomical studies showing
efferent and afferent connections between the micturition center and the lumbosacral spinal
cord [16-19]. We have emphasized that the most effective stimulus site for inducing bladder
contraction is restrticted to, as well as the Barrington’s nucleus, the area ventral to the ana‐
tomically defined Barrington’s nucleus [14].
Figure 2. Three types of bladder activity-related neurons. A, Type E1 neuron. B, Type E2 neuron. C, Type I neuron.
Spike, raw trace of action potentials of the neuron. Rate, firing rate of the neuron.
We have recently revealed, through single neuronal recording studies, that there are three
types of neurons in and around the Barrington’s nucleus, exhibiting discharges modulated in
relation to spontaneous contraction of the urinary bladder (bladder activity-related neurons).
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The three types were named Type E1, Type E2 and Type I neurons (Fig. 2). In this study, it was
found that Type E1 neurons started to discharge prior to the onset of bladder contraction but
the discharge declined before or soon after the onset of contraction, then the neurons became
almost inactive at the latter half of the contraction or the following relaxation period (Fig.
2A). Type E2 neurons showed tonic firing during bladder contraction. The rate of firing
changed in parallel with bladder pressure (Fig. 2B). In a majority of type E2 neurons, firing
started to increase prior to the start of contraction, but the preceding time (the period between
onsets of firing and contraction) was clearly shorter than that of type E1 neurons. Type I
neurons showed a firing property which was mirror image of Type E2 neurons, that is, they
discharged during relaxation; their discharge was suppressed at the rising phase of bladder
pressure and was strongly suppressed during the contraction period. The strong suppression
of firing occurred soon after the bladder pressure started to rise steeply, but the onset of the
decrease of firing seemed to be prior to the start of bladder contraction (Fig. 2C).
When the urinary bladder was extended by infusion of saline, activity of about half of Type E
neurons were modulated. Almost all (93%) of Type E neurons showed excitatory response, while
only 3% showed inhibitory response. In the about 66% of Type I neurons whose firing was
modulated by bladder extension, half were excited and the remaining half were inhibited [20].
Figure 3. Locations of bladder activity-related neurons plotted on diagrams of serial coronal sections at intervals of
300μm. The small dots represent the exact distribution of NADPH-diaphorase-positive (i.e., cholinergic) neurons in the
laterodorsal tegmental nucleus (LDT) in one animal. Circles, type E1 neurons. Squares, type E2 neurons. Triangles, type
I neurons. Bar, Barrington’s nucleus. LC, locus coeruleus.
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As shown in Fig. 3, bladder activity-related neurons were located not only in the Barrington’s
nucleus but also outside of the Barrington‘s nucleus. Of these, Type E2 neurons were encoun‐
tered more frequently in the Barrington’s nucleus than outside of it. Type E1 neurons were
frequently located ventral or ventromedial to the Barrington’s nucleus. Type I neurons were
distributed in the reticular formation more widely and more distant from the Barrington’s
nucleus than Type E neurons.
Based on these firing profiles of bladder activity–related neurons, we could draw hypothetical
brainstem-spinal circuits regulating bladder activity (see Fig.10). Anatomical studies have
demonstrated the neurons in and around the Barrington’s nucleus directly project to the spinal
(sacral) cord [17,18]. Pseudorabies virus injected into the urinary bladder was retrogradely and
transsynaptically transferred to the Barrington’s nucleus [19]. Since location of Type E2 neurons
looks to correspond to the area where the pseudorabies virus was retrogradely transferred, Type
E2 neurons would, directly projecting to the sacral spinal cord, command the bladder contrac‐
tion (② in Fig. 10). Considering the time course of Type E1 and Type E2 neurons, Type E1 neurons
would send excitatory drive to Type E2 neuron to initiate contraction. Different responses
(excitation and inhibition) of Type I neurons to bladder distension suggest two populations of
Type I neurons. One type would be tonically active during resting period and suppresses Type
E neurons. Another type would receive excitatory input from the urinary or spinal level, and
would suppress Type E neurons during contraction-relaxation cycles.
3.3. Cholinergic and aminergic neurons in the brainstem regulating sleep and wakefulnesss
Based up the pioneering work by Moruzzi and Magoun, it became clear that there were neural
populations in the reticular formation of the brainstem that activate the entire cerebral cortex,
which they proposed as ascending reticular activating system [21] (Fig. 4A). Recent neuroa‐
natomical and neurophysiological studies have revealed the transmitter phenotype of the
neurons which compose the ascending reticular activating system. These neurons, locating in
the area extending from caudal mescencephalon to the rostral pontine tegmentum, include the
cholinergic neurons in the laterodorsal tegmental nucleus (LDT) and pedunculopontine
tegmental nucleus (PPT), noradrenergic neurons in the locus coeruleus (LC) and serotonergic
neurons in the dorsal raphe (DR). They send their axons widely to the cerebral cortex, thalamus
or basal forebrain, and exert influences on the cerebral cortex directly or through the thalamus
or basal forebrain (Fig. 4B). Single neuronal recording studies in animals under natural sleep/
waking cycles have revealed that some of the cholinergic neurons in the LDT/PPT are highly
active during waking and REM sleep, while the noradrenergic neurons in the LC and seroto‐
nergic neurons in the DR are specifically active during waking (Fig. 4C). These neurons are,
therefore, considered to be involved in inducing or maintaining wakefulness and are called
waking promoting neurons.
The cholinergic and monoaminergic neurons can be discriminated from other phenotype of
neurons by the shape of action potentials (spikes) recorded extracellularly or juxtacellularly
[22, 23]. The neurons recorded from the LDT that generate spikes of a longer duration with a
shoulder at the falling phase of the spike are cholinergic (Fig. 5C). Noradrenergic neurons in
the LC and serotonergic neurons in the DR also generate spikes of similar shape. Based on this
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finding, the neurons displaying spikes of a shorter duration (brief spikes) are considered to be
non-cholinergic and non-monoaminergic.
Figure 4. A, Schematic diagram of ascending reticular activating system proposed by Moruzzi and Magoun. B, Brain
areas and nuclei crucial for regulation of sleep and wakefulness, and the projection of neurons located in these areas.
C, Summary of firing of neurons crucial for regulation of sleep and wakefulness during wakefulness (W), slow wave
sleep (SWS) and REM sleep (REM). In C, a vertical bar indicates an action potential of the neurons. NA neurons in the
LC, 5HT neurons in the DR, HA neurons in the TM and Orx neurons in the LHA are most active during W, decrease their
firing during SWS and cease from firing during REM sleep. A population of ACh neurons in the LDT and PPT are active
both during W and REM sleep and become less active during SWS, while another population are least active during W
and most active during REM sleep. ACh, acetylcholine. DR, dorsal raphe. HA, histamine. LC, locus coeruleus. LHA, later‐
al hypothalamic area. LDT, laterodorsal tegmental nucleus. NA, noradrenalin. Orx, orexin. POA, preoptic area. PPN, pe‐
dunculopontine tegmental nucleus. TM tuberomammillary nucleus. 5HT, serotonin.
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Under urethane anesthesia, these waking promoting neurons change their activity in relation
with state of anesthesia. They are more active during light anesthesia, and less active or
completely silent durng deep anesthesia.
Figure 5. Effects of bladder distention on the EEG and the cholinergic neurons in the LDT. A, Changes of EEG and
firing rate of the cholinergic LDT neuron after infusion of saline (broken line) into the urinary bladder. Arrow, time of
drainage of infused saline (Urinary tract was legated during and after the infusion). B, Recording site. C, Shape of ac‐
tion potential recorded from a site of closed circle (●) in B.
3.4. Afferents from the urinary bladder have influences on the vigilance state through the
waking promoting neurons
During deep anesthesia, while the animals were showing a large amplitude slow EEG,
extension of the urinary bladder by infusion of saline caused activation of the cholinergic LDT
neurons (Fig. 5A). Within a few seconds after the increase of firing, the EEG changed to that
of light anesthesia [24]. Similar results were obtained from the noradrenergic neurons in the
LC [25]. These results suggest that the state of urinary bladder affects the vigilance state by
acting on the waking promoting neurons in the brainstem.
3.5. Acupuncture effects on state of vigilance and on wake promoting neurons
Acupuncture stimulation to the sacral vertebrae, when given during light anesthesia, induced
changes in the state of vigilance; changes in the state from light anesthesia to deep anesthe‐
sia  [8].  As  shown  in  Fig.  6,  when  a  smaller  amplitude  and  faster  EEG  was  observed,
acupuncture stimulation to the sacral vertebra induced a change to a larger amplitude and
slower EEG (Fig. 6A).
FFT analysis revealed that the peak frequency before the stimulus appeared in the delta band
(1.46~2.44 Hz) and the theta band (3.92~4.9 Hz) (Fig. 6B), while after the stimulus, the peak
shifted to the lower frequency delta band (0.98~1.95 Hz) (Fig. 6C). Changes in the EEG pattern
occurred from 22 seconds to 31 minutes after the stimulus. The most frequent latency ranged
from 100 seconds to 150 seconds. The latencies less than 450 seconds constituted one peak in
the histogram of latency distribution and occupied 63% (71/112) of the response after the
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stimulus. Under urethane anesthesia, the spontaneous transition of EEG from smaller to larger
occurred at mean intervals of about 800 sec. So, in the present experiment, the responses with
latency less than 450 seconds were considered to be stimulus evoked, while those with longer
latencies to be spontaneous occurring EEG changes. Acupuncture’s effect on vigilance state
was different across segments. Stimulation to the S2 vertebra induced a longer duration of
large amplitude EEG than stimulation to other vertebra (Fig. 6D). When a large amplitude EEG
was induced, the state of functions regulated by the autonomic nervous system, including
respiration, blood pressure and heart rate were unchanged.
Figure 6. Effects of acupuncture stimulation to sacral vertebra on EEG changes. A, EEG change after acupuncture stim‐
ulation to sacral vertebra S3 (bar). Time-expanded EEG traces before and after acupuncture stimulation are shown be‐
low the contentious recording of EEG. B, EEG power spectrum obtained before the stimulus (broken line on top left) C,
EEG power spectrum obtained after the stimulus (broken line on top right). D, Regional differences in effect of acu‐
puncture stimulation to different sacral vertebrae Acupuncture stimulation to S2 (S2 (1) and S2 (2)) was more effective in
inducing large-amplitude slow EEG than stimulation to other vertebrae (S1, S3, and S4). E, Effect of intraperitoneally
injection of bicuculline (Bic) on stimulus-induced EEG changes. Large-amplitude slow EEG induced by stimulation (bar
1) was not observed after Bic injection (arrow), even when the same stimulus (bar 2) was applied. About 50 min after
Bic injection, acupuncture stimulation (bar 3) again induced EEG changes.
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changes in the state of vigilance; changes in the state from light anesthesia to deep anesthe‐
sia  [8].  As  shown  in  Fig.  6,  when  a  smaller  amplitude  and  faster  EEG  was  observed,
acupuncture stimulation to the sacral vertebra induced a change to a larger amplitude and
slower EEG (Fig. 6A).
FFT analysis revealed that the peak frequency before the stimulus appeared in the delta band
(1.46~2.44 Hz) and the theta band (3.92~4.9 Hz) (Fig. 6B), while after the stimulus, the peak
shifted to the lower frequency delta band (0.98~1.95 Hz) (Fig. 6C). Changes in the EEG pattern
occurred from 22 seconds to 31 minutes after the stimulus. The most frequent latency ranged
from 100 seconds to 150 seconds. The latencies less than 450 seconds constituted one peak in
the histogram of latency distribution and occupied 63% (71/112) of the response after the
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stimulus. Under urethane anesthesia, the spontaneous transition of EEG from smaller to larger
occurred at mean intervals of about 800 sec. So, in the present experiment, the responses with
latency less than 450 seconds were considered to be stimulus evoked, while those with longer
latencies to be spontaneous occurring EEG changes. Acupuncture’s effect on vigilance state
was different across segments. Stimulation to the S2 vertebra induced a longer duration of
large amplitude EEG than stimulation to other vertebra (Fig. 6D). When a large amplitude EEG
was induced, the state of functions regulated by the autonomic nervous system, including
respiration, blood pressure and heart rate were unchanged.
Figure 6. Effects of acupuncture stimulation to sacral vertebra on EEG changes. A, EEG change after acupuncture stim‐
ulation to sacral vertebra S3 (bar). Time-expanded EEG traces before and after acupuncture stimulation are shown be‐
low the contentious recording of EEG. B, EEG power spectrum obtained before the stimulus (broken line on top left) C,
EEG power spectrum obtained after the stimulus (broken line on top right). D, Regional differences in effect of acu‐
puncture stimulation to different sacral vertebrae Acupuncture stimulation to S2 (S2 (1) and S2 (2)) was more effective in
inducing large-amplitude slow EEG than stimulation to other vertebrae (S1, S3, and S4). E, Effect of intraperitoneally
injection of bicuculline (Bic) on stimulus-induced EEG changes. Large-amplitude slow EEG induced by stimulation (bar
1) was not observed after Bic injection (arrow), even when the same stimulus (bar 2) was applied. About 50 min after
Bic injection, acupuncture stimulation (bar 3) again induced EEG changes.
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The acupuncture-induced EEG changes were suppressed by intraperitoneal injection of
GABAA receptor antagonist bicuculline (Bic). In Figure 6E, a large amplitude slow EEG induced
by stimulation to sacral vertebra S3 (bar 1) was not observed when the same stimulation (bar
2) was applied 5 minutes after Bicuculline injection (arrow). These results suggest that the
acupuncture effects on the state of vigilance are mediated through GABAergic neural system.
Changes of vigilance state or its associated physiological changes were induced by acupunc‐
ture to several other points; Shenmen, Yongquan, or Neiguan is used in therapy for insomnia
[5, 26], while stimualtion to Hegu or Zusanri induced analgesia [27,28]. However, stmualtion
to these acupoints induced smaller effects than stimulation to the sacral vertebrae on the
change of the EEG pattern from light anesthesia to deep anesthesia [8].
Figure 7. Effects of acupuncture stimulation to the sacral vertebra on the EEG and the cholinergic neurons in the LDT.
A, Changes of EEG and firing rate of the neuron when the stimulation was given to S3 at the period of a bar on top. Ba
and Bb, Time expanded scales of bar a and bar b in A, respectively showing the change of neuronal activity in relation
with EEG change. Arrowheads: the start of the change of the neuronal activity. Broken lines: the start of the EEG
change. C, shape of the action potential recorded from a site of closed circle (●) in D.
When the acupuncture stimulation induced a large amplitude slow EEG, the activity of the
cholinergic neurons in the LDT and the noradrenergic neurons in the locus coeruleus was
remarkably suppressed [8,9]. The cholinergic neurons in the LDT (Fig. 7), which showed tonic
discharge about 4.7 Hz before the stimulation, decreased and completely stopped firing during
the large EEG period. At the later period of large EEG, the firing gradually increased and
completely recovered when the small amplitude faster EEG reappeared. In most cases, the
decrease in firing started prior to the induction of large EEG, while the increase in firing started
prior to the EEG change from large to small amplitude. As shown in Figure 7Ba, the significant
decrease of neuronal firing (indicated by triangles), occurred about 43 seconds before the EEG
change, while in Figure 7Bb, when the large and slow EEG changed to a smaller and faster
one, the increase of firing occurred about 1.6 seconds before the change of the EEG [8]. Similar
results were obtained from the noradrenergic LC neurons [9].
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Taken together, it can be concluded that acupuncture stimulation to the sacral vertebrae
suppress the activity of waking promoting neurons in the brainstem through GABAergic
system and, under urethane anesthesia, lead to the changes in the state from light anesthesia
to deep anesthesia. Under unanesthetized condition, noradrenergic neurons in the LC and
cholinergic neurons in the LDT/PPT have some roles, in addition to sleep-waking regulation,
in maintaining arousal level or attention to novel stimuli, in the process of anxiety or pain,
learning or reward [29,30]. It is highly probable that acupuncture to the sacral vertebrae has
some influences on these higher brain functions.
Figure 8. Effect of intraperitoneal injection of bicuculline (Bic) on stimulus-induced suppression of bladder activity. A,
Bladder activity suppression induced by acupuncture stimulation (bar 1) before Bic injection. B, Bladder activity sup‐
pression by acupuncture stimulation after Bic injection. Bars 2, 3, and 4 represent periods of stimulation about 27, 38,
and 48 minutes after Bic injection, respectively. C, Time course of changes in “Ratio” values before and after Bic injec‐
tion. Ratio (vertical scale)indicates the ratio of average relaxation period just after stimulation to that before stimula‐
tion, a degree of suppression induced by acupuncture stimulation.
3.6. Acupuncture effects on bladder activity and bladder activity–related neurons
When the urinary bladder was exhibiting rhythmical contraction, acupuncture stimulation to
the sacral vertebra suppressed the contraction [31]. As shown in Figure 8, the suppression
started just after the acupuncture to the S2 vertebra (bar 1) and continued for 13 minutes. The
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acupuncture effects on the state of vigilance are mediated through GABAergic neural system.
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to these acupoints induced smaller effects than stimulation to the sacral vertebrae on the
change of the EEG pattern from light anesthesia to deep anesthesia [8].
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A, Changes of EEG and firing rate of the neuron when the stimulation was given to S3 at the period of a bar on top. Ba
and Bb, Time expanded scales of bar a and bar b in A, respectively showing the change of neuronal activity in relation
with EEG change. Arrowheads: the start of the change of the neuronal activity. Broken lines: the start of the EEG
change. C, shape of the action potential recorded from a site of closed circle (●) in D.
When the acupuncture stimulation induced a large amplitude slow EEG, the activity of the
cholinergic neurons in the LDT and the noradrenergic neurons in the locus coeruleus was
remarkably suppressed [8,9]. The cholinergic neurons in the LDT (Fig. 7), which showed tonic
discharge about 4.7 Hz before the stimulation, decreased and completely stopped firing during
the large EEG period. At the later period of large EEG, the firing gradually increased and
completely recovered when the small amplitude faster EEG reappeared. In most cases, the
decrease in firing started prior to the induction of large EEG, while the increase in firing started
prior to the EEG change from large to small amplitude. As shown in Figure 7Ba, the significant
decrease of neuronal firing (indicated by triangles), occurred about 43 seconds before the EEG
change, while in Figure 7Bb, when the large and slow EEG changed to a smaller and faster
one, the increase of firing occurred about 1.6 seconds before the change of the EEG [8]. Similar
results were obtained from the noradrenergic LC neurons [9].
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3.6. Acupuncture effects on bladder activity and bladder activity–related neurons
When the urinary bladder was exhibiting rhythmical contraction, acupuncture stimulation to
the sacral vertebra suppressed the contraction [31]. As shown in Figure 8, the suppression
started just after the acupuncture to the S2 vertebra (bar 1) and continued for 13 minutes. The
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same stimulus induced changes in EEG (Fig. 6), however in this case, no EEG change was
observed, meaning that bladder activity is more strongly affected than state of vigilance by
acupuncture stimulation to the sacral vertebra. The suppression started within a few minutes
after the stimulus and continued from 30 seconds up to 40 minutes. Across several vertebrae
(from L6 to S1), acupuncture stimulation to the S2 vertebra suppressed the bladder activity
most effectively, while stimulation to the S4 was a least effective. The segmental effects on
bladder activity was similar to the effect on state of vigilance. Other aspects of the autonomic
nervous system, including respiration, blood pressure, and heart rate were unaffected by the
sacral stimulation [31].
The stimulus-induced suppression of bladder activity was blocked by intraperitoneal appli‐
cation of bicuculline (Bic). About 27minutes after Bic injection, the acupuncture stimulation
failed to suppress bladder contraction (Fig. 8B, bar 2). The stimulation about 38 minutes after
Bic injection also had no suppressive effect on bladder contraction (Fig. 8B, bar 3). Forty-eight
minutes after Bic injection, the stimulus again suppressed bladder activity (Fig.8B, bar 4).
Figure 8C indicates the time course of stimulus-induced suppression after Bic injection, that
is, the ratio of the mean relaxation time after the stimulus to that before the stimulus. When
the contractions were suppressed by acupuncture stimulation, the values increased according
to the duration of suppression. The value 1.0 indicates that the relaxation time is the same
before and after the stimulus, meaning that the stimulus had no effect. Figure 8C indicates that
the effects of Bic lasted for about 30 minutes. These results indicate that acupuncture suppres‐
sion on bladder activity is mediated through GABAA receptor systems.
When bladder activity was suppressed by acupuncture stimulation, almost all of Type E
neurons (both Type E1 and Type E2 neurons) decreased firing. As shown in Fig. 9A, some
Type E2 neurons stopped firing just after the acupuncture stimulation simultaneous with
suppression of bladder contraction. The neuronal firing recovered when the bladder regained
contraction. In other Type E2 neurons, the decrease in firing appeared before the suppression
of bladder contraction (Fig. 9B), while in the third class of Type E2 neurons, the rhythmic firing
continued after the suppression of bladder contraction (Fig. 9C). In contrast to Type E neurons,
some of Type I neurons exhibited an increase in firing after acupuncture stimulation (Fig.
9D). The increase in firing started before the suppression of bladder activity. The firing further
increased and, during the suppression period of bladder activity, exceeded the value during
the relaxation period of spontaneous contraction before the stimulation. Of 14 type I neurons,
4 exhibited increased firing, 3 exhibited decreased firing and the remaining 7 exhibited no
response to acupuncture stimulation.
In total, acupuncture stimulation suppresses Type E neurons and activates half of Type I
neurons, leading to suppression of bladder activity. Another half of Type I neurons which
were inhibited by acupuncture might be receiving neural inputs from urinary bladder and be
working to maintain the basic level of bladder pressure which would be crucial to continue
contraction. Time course of suppression in Type E neurons differ among neurons (Fig. 9 A-C).
Acupuncture stimulation, therefore, would disturb the synchronous firing in Type E neurons
rather than suppress all of the neurons in a similar magnitude, resulting in irregular and
insufficient bladder contraction at the beginning of suppression.
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4. Conclusion
Acupuncture stimulation to the sacral vertebrae in rats suppressed bladder activity and altered
the firing profiles of bladder activity-related neurons in and around the micturition center.
Acupuncture stimulation to the sacral vertebrae also affected the state of vigilance by inhibiting
the activity of wake-promoting neurons. These effects were blocked by GABAA receptor
antagonist bicuculline.
Since acupuncture stimulation to the sacral segment suppressed overactive bladder in spinal
injured patients [32,33], it is highly possible that the acupuncture effect is mediated through the
spinal level.  However,  the present study showed that when acupuncture was applied, a
Figure 9. Effects of acupuncture stimulation on the bladder activity-related neurons and urinary bladder A to C, Type
E2 neurons. D, Type I neuron. See text for detail.
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same stimulus induced changes in EEG (Fig. 6), however in this case, no EEG change was
observed, meaning that bladder activity is more strongly affected than state of vigilance by
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after the stimulus and continued from 30 seconds up to 40 minutes. Across several vertebrae
(from L6 to S1), acupuncture stimulation to the S2 vertebra suppressed the bladder activity
most effectively, while stimulation to the S4 was a least effective. The segmental effects on
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nervous system, including respiration, blood pressure, and heart rate were unaffected by the
sacral stimulation [31].
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minutes after Bic injection, the stimulus again suppressed bladder activity (Fig.8B, bar 4).
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is, the ratio of the mean relaxation time after the stimulus to that before the stimulus. When
the contractions were suppressed by acupuncture stimulation, the values increased according
to the duration of suppression. The value 1.0 indicates that the relaxation time is the same
before and after the stimulus, meaning that the stimulus had no effect. Figure 8C indicates that
the effects of Bic lasted for about 30 minutes. These results indicate that acupuncture suppres‐
sion on bladder activity is mediated through GABAA receptor systems.
When bladder activity was suppressed by acupuncture stimulation, almost all of Type E
neurons (both Type E1 and Type E2 neurons) decreased firing. As shown in Fig. 9A, some
Type E2 neurons stopped firing just after the acupuncture stimulation simultaneous with
suppression of bladder contraction. The neuronal firing recovered when the bladder regained
contraction. In other Type E2 neurons, the decrease in firing appeared before the suppression
of bladder contraction (Fig. 9B), while in the third class of Type E2 neurons, the rhythmic firing
continued after the suppression of bladder contraction (Fig. 9C). In contrast to Type E neurons,
some of Type I neurons exhibited an increase in firing after acupuncture stimulation (Fig.
9D). The increase in firing started before the suppression of bladder activity. The firing further
increased and, during the suppression period of bladder activity, exceeded the value during
the relaxation period of spontaneous contraction before the stimulation. Of 14 type I neurons,
4 exhibited increased firing, 3 exhibited decreased firing and the remaining 7 exhibited no
response to acupuncture stimulation.
In total, acupuncture stimulation suppresses Type E neurons and activates half of Type I
neurons, leading to suppression of bladder activity. Another half of Type I neurons which
were inhibited by acupuncture might be receiving neural inputs from urinary bladder and be
working to maintain the basic level of bladder pressure which would be crucial to continue
contraction. Time course of suppression in Type E neurons differ among neurons (Fig. 9 A-C).
Acupuncture stimulation, therefore, would disturb the synchronous firing in Type E neurons
rather than suppress all of the neurons in a similar magnitude, resulting in irregular and
insufficient bladder contraction at the beginning of suppression.
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the activity of wake-promoting neurons. These effects were blocked by GABAA receptor
antagonist bicuculline.
Since acupuncture stimulation to the sacral segment suppressed overactive bladder in spinal
injured patients [32,33], it is highly possible that the acupuncture effect is mediated through the
spinal level.  However,  the present study showed that when acupuncture was applied, a
Figure 9. Effects of acupuncture stimulation on the bladder activity-related neurons and urinary bladder A to C, Type
E2 neurons. D, Type I neuron. See text for detail.
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population of bladder activity-related neurons changed firing before the suppression of bladder
contraction, suggesting the possibility that the acupuncture effect is mediated through the central
nervous system, especially through the brainstem micturition center. In a similar way, suppres‐
sion of firing in waking promoting neurons occurring before the changes in the state of vigi‐
lance suggests that the acupuncture effect is mediated through the waking promoting neurons.
Figure 10. Schematic diagram representing neural circuit mediating acupuncture effects on micturition system and
waking system. ACh, acetylcholine. ACP, acupuncture. NA, noradrenaline. SP, spinal cord. UB, urinary bladder. W
wake-promoting neuron.
4.1. Hypothetical neural pathways mediating acupuncture effects on micturition and state
of vigilance
Taking these findings in account, we could draw hypothetical schema explaining the neural
mechanism mediating acupuncture effects on micturition and state of vigilance (Fig. 10). In
summary, as is mentioned in Section 1 and Section 4, the waking center in the brainstem and
micturition center in the Barrington’s nucleus are mutually excitatory each other (① in Fig.
10). Type E2 neurons in the micturition center exert excitatory drive on urinary bladder (②)
and inputs from the urinary bladder have excitatory influences on Type E neurons and a half
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of Type I neurons, while they have inhibitory influences on another half of Type I neurons (③).
They also have excitatory influences on waking promoting neurons in the waking center (④).
Acupuncture stimulation to the sacral vertebra causes excitation in GABAergic neurons of
somewhere (⑤) which inhibit the pathways activating wakefulness (⑥) or facilitating
micturition center (⑦). The location of GABAergic neurons and sites of action of GABAergic
inhibition are still unknown (broken lines), and would be a subject of future study.
4.2. Clinical implications
The present findings provide a scientific validity for the therapy of overactive bladder in spinal
injured patients [32,33] or nocturnal enuresis [1-3]. If the sacral acupuncture is effective for
changing the state of vigilance in human, it would lead to a therapy for insomnia or would be
useful for putting a patient in sedation.
Acupuncture has been used traditionally in China for thousands of years and is growing
prominent in the Western countries. Acupuncture, thus, plays a crucial role in complementary
and alternative medicine. To establish a better supported therapy of acupuncture more
confirmedly, integration with the Western medicine is indispensable. Further studies to
elucidate the neural mechanisms of acupuncture action would be urgently required.
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1. Introduction
1.1. Acupuncture as one major branch of Traditional Chinese Medicine (TCM)
Traditional Chinese Medicine (TCM) has been in existence for several thousand years, based
on the general philosophy that the physiological states of a healthy body are kept balanced.
Pathogenesis occurs when such a balance is upset. There have been more and more studies
using modern biomedical techniques and animal models on the clinical benefits of herbal
TCM in the recent two decades. Fruitful developments have been made on the analysis of
the biochemical ingredients of the herbs considered. However, standardization of ingredi‐
ents of the herbs, the concept of “complex recipe” and a modern theory of herbal TCM de‐
scribed in terms of modern western medicine conception, are still issues of discussion while
herbal TCM progresses.
Acupuncture is a part of TCM and the theory of acupuncture mechanism was put forth
initially based on a series of hypotheses, conjectures in view of the numerous clinical ex‐
amples accumulated. Using modern biomedical knowledge to understand the TCM meri‐
dians,  to  practice  acupuncture,  and  to  study  the  benefits  of  acupuncture  seem  to  be
somewhat more readily accepted (compared to herbal TCM) in the west [1]. Zhou et al [2]
found 761 English articles published in the year 2006 directly related to acupuncture from
various countries, 208 Chinese articles according to Medline search. There are also many
other articles and books written in Chinese language published in institutional  journals.
Thus, English and Chinese are the two main languages for articles and books related to
acupuncture research in number.
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1.2. The types of acupuncture research carried out internationally
1.2.1. Clinical acupuncture research
Clinical data/reports have been collected with a long history in China on the benefits of
treating various disorders of  health,  using the TCM concept of  “energy flow” along the
meridians, and certain basic principles stated in classics (without direct verification). Some
such books  incorporating  new concepts  in  biomedical  science  also  appear  in  the  recent
two decades or so.  These writings have been published mainly in the Chinese language
[3-4].  There  are  also  clinically  oriented  books  written  by  acupuncturists  in  acupuncture
centers/institutes of western countries, Japan and Korea. Those written in English are fo‐
cused  more  on  using  various  modalities  of  acupuncture  as  means  to  treat  pains  [5-6].
Some of  these  writings  use  the  concept  of  triggered points  rather  than TCM acupoints,
and the benefits  of  acupuncture are  usually  associated entirely  with signals  transmitted
through the nervous systems [7].
1.2.2. Basic evidence-based acupuncture research
The fast development of biomedical science with new techniques and concept has helped to
inject enthusiasm and good attempts/results from scientists globally using animal models, in
vitro experimentations, or clinical settings to analyze the following general issues: (I) the
anatomical characteristics of the meridian channels/acupoints; (II) to investigate on how the
acupuncture signals could be transmitted from the acupoint to other parts of the body, and
via the meridian channels; (III) the plausible physiological consequences of acupuncture in
action; these consequences include both biophysical and biochemical aspects.
1.2.3. Accumulation of a huge data base from biomedical science/engineering research which is
indirectly related to the mechanism of acupuncture in action
For a long time, biochemical force is considered to be the most fundamental force in cell sig‐
naling involved in physiological processes, and in initiating cellular response to external
stimuli. However, research during the last 20 years on cell signaling and cellular structure
reveals that mechanical sensors (integrins with the focal adhesion complexes and mediators)
exist at the cell membrane to bridge the extra-cellular matrix (ECM) and cytoskeletal ele‐
ments in transmitting mechanotransduction signals. Then cytoskeletal elements build up
prestress and contractile structures, joining the nucleus to the cytoskeletal base of the me‐
chanical sensor unit. Mechanical stimulation initiates a cascade of cytoskeletal remodeling.
Thus, the cell nucleus, via mechanotransduction, can react directly to a wide range of me‐
chanical stresses. It has also been found that mechanotransduction, which exists between
adjacent cells, and between extracellular fluid and cells, plays even more fundamental roles
than biochemical interactions [8-11].
In fact, mechanotransduction is a key fundamental concept to physiology, ensuing the or‐
ganism’s structural stability and development. A lot of new experimental data, new concep‐
tual knowledge, plus consequential deductions related to mechanotransduction have been
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published based on modern knowledge of biophysics and biochemistry. These results pro‐
vide important clues to the understanding of the basic acupuncture mechanism.
1.3. Objectives of this chapter and the settings in presentation
Based on the remarks mentioned in Sections 1.2 (B and C), I would review first briefly in
Section 2 the basic knowledge of mechanotransduction via solid and fluid objects for con‐
venience of more in-depth discussion about plausible consequences of acupuncture in lat‐
er  sections  of  this  chapter.  Evidence  and  reasons  on  the  occurrence  of  the  meridians/
acupoints in the connective-tissue- interstitial fluid (CTIF) system is presented in Section
3; the typical anatomical features of acupoints are briefly highlighted. Section 4 starts with
a description on the initial response of the CTIF system when manual acupuncture is ap‐
plied to a typical acupoint in the CTIF system. Section 5 is devoted to a discussion on the
plausible consequence of acupuncture when the mechanical stimulus reaches the ECM of
cells building the blood vessels, with support from results of some clinical studies and in
vivo animal investigation. Note that an acupoint is found to be near nerve endings and
nerves. Various types of neural signals are found to be triggered with evidence from labo‐
ratory and clinical  studies.  Therefore a brief  analysis  on the neural  aspects of  mechano‐
transduction is carried out in Section 6. In Section 7, the evidence on the existence of fluid
flow along channels (which are not blood flows) correlating to the TCM meridian chan‐
nels is presented. The importance of maintaining a proper flow of the interstitial fluid to
health is emphasized. The issue on whether acupuncture could help to keep the homeo‐
stasis of such fluid flow in the body is discussed in Section 7. Section 8 is catered for a
brief discussion on the degranulation of mast cells, which have been found to be near typ‐
ical  acupoints.  The  plausible  release  and  activation  of  transforming-growth-factor-β
(TGFβ) upon unfolding of an abundant protein, the fibronectin in the ECM of fibroblasts
is discussed. Since TGFβ activates local stem cells specification, and mast cells sustain fi‐
broblasts, the release and activation of TGFβ and mast cell degranulation are discussed to‐
gether as part of the function group for immunity and wound repair processes in Section
8.  The  plausible  consequences  of  acupuncture  described  in  Sections  4-8  is  summarized
with the help of a flow chart in Section 9. This section also presents some frontier issues
and new ideas for future acupuncture research. Section 10 concludes this chapter. Unless
otherwise stated, acupuncture refers to manual acupuncture, as this chapter is focused on
the consequences of acupuncture arising from mechanotransduction.
2. Basics of mechanotransduction, relevant to discussion in this chapter
2.1. Tensegrity of living organism on earth and mechanotransduction
Any living organism living on the massive earth is subjected (a) to the gravitational force
which manifests as a mechanical pull on every part of the body continuously, and (b) fre‐
quently to external mechanical and other forms of stimuli from other objects.
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Research  during  the  past  two decades  on  cell  signaling  and cellular  structure  indicates
that (1) external stimuli of mechanical or electrical nature control many fundamental bio‐
chemical interactions; (2) tissues are composed of a network of “connected” cells and pro‐
teins,  rather  than  individual  cells  plus  proteins  in  a  body  fluid.  Putting  these  two
observations and recalling the two “disturbances” (a) and (b) on organisms on earth just
stated  above,  one  is  inclined  to  consider  that  a  special  architecture  system  must  be  at
work in each living entity particularly suitable for transmission of mechanical signals, if it
is to remain as that entity. Such an architecture system is one important basis for allowing
acupuncture signals to be transmitted to certain parts of the body. Ingber and other work‐
ers have realized the importance of this living architecture and developed the tensegrity
model of a cell [12].
Mechanical signals are inferred to be transmitted through mechanotransduction in principle
to various parts of the body based on the hierarchy (systems within systems) nature of the
body, with connective tissues (CT) embedding other tissues/organelles/organs. The mechan‐
ical forces involved in mechanotransduction through the body are mainly tensile and com‐
pression for solids, and shear stress (which is the friction force of fluid flow acting on the
surface of cells) and pressure for fluids [13].
Note that mechanosensitive ion channels, which are also “fundamental components” for
processes of mechanotransduction, were discovered long ago (1950) among neurons [14].
Mechanosensitive channels were documented in various other cells in the 1980s [15]. During
that time, the tensegrity concept was not brought in from architecture.
2.2. Mechanical signals at the cell membrane can cascade a series of signals reaching the
cell nucleus – Integrin starts the story
Integrins, being composed of alpha and beta subunits with various combinations, are cell
membrane receptors which can bind to proteins in the ECM with specificity [16]. There is
ample evidence that the basic mechanism of ECM- cytoskeletal elements connection is medi‐
ated by integrin clustering [8, 11]. When the integrins are stimulated mechanically, they con‐
nected intracellular proteins like focal adhesion kinase (FAK), Src-family kinases. Activation
of these kinases triggers off a series of pathways associated with cytoskeletal remodeling. In
particular, it was demonstrated that the stress-induced mechanical strain stimulated confor‐
mational activation of α – and β- integrins of NIH3T3 cells [17]. Such activation was mediat‐
ed by phosphoinositol 3-kinase and was followed by new integrin ligand binding to ECM
proteins, which then mediated c-Jun NH2-terminal kinase (JNK), initiating a series of cellu‐
lar responses without upsetting the existing integrin-ECM binding. In general, responding
to mechanical stimulation, there is growth of focal adhesion, leading to a stress-dependent
increase in cytoskeletal (CSK) stiffness. The CSK stiffness changes because there is rear‐
rangement of the microfilaments (MF), microtubules (MT) and intermediate filaments (IF).
Since these structures join the nucleus surface after such CSK remodeling [11], expressions
of different genes are affected to produce the relevant proteins to maintain the cell integrity
and initiate the necessary physiological processes [18].
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2.3. Intercellular communication through mechanotransduction – Connexin plays one key
role
Various connexin proteins build up gap junction proteins between adjacent cells [19]. It has
already been known, based on analysis of synchronous contraction of myocardial cells, that
the gap junction proteins participate in the transfer of mechanical stimulation, indicating
that mechanotransduction can be “passed on” between adjacent cells of a tissue/organ [20].
In the same work, it was shown that electrical synaptic transmission between nerve cells de‐
pended also on the integrity of gap junctions. Instead of building a passive gateway for the
transportation of electric charge and relatively small molecules, the connexin protein Cx43
has been found to bind directly or indirectly to some intracellular proteins like caveolin, 20-
β-catenin, tubulin, src which have various functions, supporting the idea that gap junctions
take part also in mechanotransduction [21]. The correlation between activation of connexin
and acupoints will be followed up in Section 9.
2.4. Intra and inter-cellular calcium ions oscillations are involved in the
mechanotransduction processes of many cell types, including fibroblast
Many biochemical pathways involving different secondary messengers occur consequential‐
ly to a simple mechanical stimulus at a cellular mechanical sensor [22, 23]. First, there is am‐
ple evidence that intra-cellular Ca2+ oscillations and inter-cellular Ca2+ waves are involved in
the mechanotransduction processes of many cell types, including fibroblasts, though the
term mechanotransduction might not formally be put in all the articles at that time [24-27].
Recent studies also identify changes in cellular Ca2+ concentration to be one major step of
translating mechanical forces and deformation at the cell membrane into biochemical signals
[28]. Note that Inositol 1 4, 5-Trisphosphate (IP3) - dependent or independent pathway may
be involved in these Ca2+ activities in various cells [29, 30].
The question of how intracellular Ca2+ concentration [Ca2+]i oscillations could affect mito‐
chondrial functions has been investigated. It was demonstrated in [31] that IP3-dependent
intracellular [Ca2+]i oscillations were transmitted to the mitochondria of hepatocytes, based
on the fact that Ca2+ regulates some calcium-sensitive mitochondrial dehydrogenases
(CSMDHs). This finding suggests that the mitochondria are tuned to oscillating [Ca2+]i sig‐
nals and different ranges of frequency are related to different potential activities of
CSMDHs. As the function of the mitochondria is a very important aspect of cells and tissues,
the expected consequence is a cascade of physiological cellular events. On the other hand,
the characteristics of these intra-cellular and inter-cellular calcium activities are dependent
on the amount of extracellular calcium ions (in the “extracellular calcium store”) associated
with the stimulated cells [32]. Moreover, variation in cytoplasmic Ca2+ activities was found
to correlate with those of nuclear calcium. In fact, it was demonstrated that cytoplasmic cal‐
cium and nuclear calcium activities control gene expressions in different ways [33, 34]
In vitro experiment [27] using 3T3 fibroblasts demonstrated that stretching forces applied
through the flexible substrates (mimicking the CT) would induce increase in intracellular
Ca2+ concentration due to influx from extracellular calcium store [27]. These fibroblasts
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Research  during  the  past  two decades  on  cell  signaling  and cellular  structure  indicates
that (1) external stimuli of mechanical or electrical nature control many fundamental bio‐
chemical interactions; (2) tissues are composed of a network of “connected” cells and pro‐
teins,  rather  than  individual  cells  plus  proteins  in  a  body  fluid.  Putting  these  two
observations and recalling the two “disturbances” (a) and (b) on organisms on earth just
stated  above,  one  is  inclined  to  consider  that  a  special  architecture  system  must  be  at
work in each living entity particularly suitable for transmission of mechanical signals, if it
is to remain as that entity. Such an architecture system is one important basis for allowing
acupuncture signals to be transmitted to certain parts of the body. Ingber and other work‐
ers have realized the importance of this living architecture and developed the tensegrity
model of a cell [12].
Mechanical signals are inferred to be transmitted through mechanotransduction in principle
to various parts of the body based on the hierarchy (systems within systems) nature of the
body, with connective tissues (CT) embedding other tissues/organelles/organs. The mechan‐
ical forces involved in mechanotransduction through the body are mainly tensile and com‐
pression for solids, and shear stress (which is the friction force of fluid flow acting on the
surface of cells) and pressure for fluids [13].
Note that mechanosensitive ion channels, which are also “fundamental components” for
processes of mechanotransduction, were discovered long ago (1950) among neurons [14].
Mechanosensitive channels were documented in various other cells in the 1980s [15]. During
that time, the tensegrity concept was not brought in from architecture.
2.2. Mechanical signals at the cell membrane can cascade a series of signals reaching the
cell nucleus – Integrin starts the story
Integrins, being composed of alpha and beta subunits with various combinations, are cell
membrane receptors which can bind to proteins in the ECM with specificity [16]. There is
ample evidence that the basic mechanism of ECM- cytoskeletal elements connection is medi‐
ated by integrin clustering [8, 11]. When the integrins are stimulated mechanically, they con‐
nected intracellular proteins like focal adhesion kinase (FAK), Src-family kinases. Activation
of these kinases triggers off a series of pathways associated with cytoskeletal remodeling. In
particular, it was demonstrated that the stress-induced mechanical strain stimulated confor‐
mational activation of α – and β- integrins of NIH3T3 cells [17]. Such activation was mediat‐
ed by phosphoinositol 3-kinase and was followed by new integrin ligand binding to ECM
proteins, which then mediated c-Jun NH2-terminal kinase (JNK), initiating a series of cellu‐
lar responses without upsetting the existing integrin-ECM binding. In general, responding
to mechanical stimulation, there is growth of focal adhesion, leading to a stress-dependent
increase in cytoskeletal (CSK) stiffness. The CSK stiffness changes because there is rear‐
rangement of the microfilaments (MF), microtubules (MT) and intermediate filaments (IF).
Since these structures join the nucleus surface after such CSK remodeling [11], expressions
of different genes are affected to produce the relevant proteins to maintain the cell integrity
and initiate the necessary physiological processes [18].
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2.3. Intercellular communication through mechanotransduction – Connexin plays one key
role
Various connexin proteins build up gap junction proteins between adjacent cells [19]. It has
already been known, based on analysis of synchronous contraction of myocardial cells, that
the gap junction proteins participate in the transfer of mechanical stimulation, indicating
that mechanotransduction can be “passed on” between adjacent cells of a tissue/organ [20].
In the same work, it was shown that electrical synaptic transmission between nerve cells de‐
pended also on the integrity of gap junctions. Instead of building a passive gateway for the
transportation of electric charge and relatively small molecules, the connexin protein Cx43
has been found to bind directly or indirectly to some intracellular proteins like caveolin, 20-
β-catenin, tubulin, src which have various functions, supporting the idea that gap junctions
take part also in mechanotransduction [21]. The correlation between activation of connexin
and acupoints will be followed up in Section 9.
2.4. Intra and inter-cellular calcium ions oscillations are involved in the
mechanotransduction processes of many cell types, including fibroblast
Many biochemical pathways involving different secondary messengers occur consequential‐
ly to a simple mechanical stimulus at a cellular mechanical sensor [22, 23]. First, there is am‐
ple evidence that intra-cellular Ca2+ oscillations and inter-cellular Ca2+ waves are involved in
the mechanotransduction processes of many cell types, including fibroblasts, though the
term mechanotransduction might not formally be put in all the articles at that time [24-27].
Recent studies also identify changes in cellular Ca2+ concentration to be one major step of
translating mechanical forces and deformation at the cell membrane into biochemical signals
[28]. Note that Inositol 1 4, 5-Trisphosphate (IP3) - dependent or independent pathway may
be involved in these Ca2+ activities in various cells [29, 30].
The question of how intracellular Ca2+ concentration [Ca2+]i oscillations could affect mito‐
chondrial functions has been investigated. It was demonstrated in [31] that IP3-dependent
intracellular [Ca2+]i oscillations were transmitted to the mitochondria of hepatocytes, based
on the fact that Ca2+ regulates some calcium-sensitive mitochondrial dehydrogenases
(CSMDHs). This finding suggests that the mitochondria are tuned to oscillating [Ca2+]i sig‐
nals and different ranges of frequency are related to different potential activities of
CSMDHs. As the function of the mitochondria is a very important aspect of cells and tissues,
the expected consequence is a cascade of physiological cellular events. On the other hand,
the characteristics of these intra-cellular and inter-cellular calcium activities are dependent
on the amount of extracellular calcium ions (in the “extracellular calcium store”) associated
with the stimulated cells [32]. Moreover, variation in cytoplasmic Ca2+ activities was found
to correlate with those of nuclear calcium. In fact, it was demonstrated that cytoplasmic cal‐
cium and nuclear calcium activities control gene expressions in different ways [33, 34]
In vitro experiment [27] using 3T3 fibroblasts demonstrated that stretching forces applied
through the flexible substrates (mimicking the CT) would induce increase in intracellular
Ca2+ concentration due to influx from extracellular calcium store [27]. These fibroblasts
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(then) showed cytoskeletal contractility, an aspect crucial to transmission of acupuncture
signal through the CTIF system. The correlation between calcium concentration and acu‐
points will be discussed in Section 9.
3. The CTIF system as platform for acupuncture signals to cause
biomedical effects via mechanotransductions of various kinds
3.1. Crucial characteristics of the CTIF system relevant to providing means for
transmission of acupuncture signals
Connective tissue (CT) is the most abundant tissue of the body. The components in CT are
the collagen fibers of various types [35], glycoproteins like fibronectin, laminin, tenascin,
elastin and various subclasses of proteoglycans. Among these sub-classes, hyaluronan is the
dominant glycosaminoglycan serving as the backbone for the assembly of other glycosami‐
noglycans in the CT. These proteins form different networks (with different combination of
components) in the extra-cellular matrix (ECM) associated with different tissues/organs
“wrapped” by the CT [36, 37].
The interstitial fluid serves to transport nutrient proteins, ions, oxygen and water from the
capillaries to the general tissues for their functions. It also removes cellular excreta, unused
proteins to the lymphatic system as well as transports CO2 from the tissues to the venous
capillaries. The proteoglycans of CT form extremely thin fibrils which interact with the sur‐
rounding interstitial fluid (IF) to form a gel-like ground substance [38, 39], allowing slow
flow for proper distribution of nutrients and processing of excreta.
The connective tissue interstitial fluid (CTIF) system forms a body frame with connected
layers which embeds the neurovascular tracts, connects tunicae around the visceral organs,
and extends to form the periosteum, nourishing the bones [38-41]. Nerve fibers are densely
populated around acupoint sites in the CTIF system. These nerve fibers innervate blood ves‐
sels, lymphatic vessels, with different types of endings serving as specific or polymodal no‐
ciceptive receptors [42]. The residence cells in the CTIF system are lymphocytes,
macrophages, adipocytes, plasma cells, eosinophils, fibroblasts, chondroblasts, osteoblasts,
stem cells and mast cells [43]. Fibroblasts sustain collagen fibers [44] while mast cells upkeep
the proliferation of fibroblasts [45]. The “organ/adherent cells” are defined here to be those
forming part of the “non-CTIF” tissue/organ like blood/lymphatic vessel cells, nerve cells,
visceral organ cells.
Without reference to special particulars of the acupuncture mechanism, some earlier studies
already indicated that fibroblasts throughout the connective tissues system were connected
among themselves [46, 47]. It was found that fibroblasts in different tissues grown in cell
culture were seen to contact one another with gap junctions at contact points [48-50]. More‐
over, many cryptic binding sites of the fibronectin modules have been identified; these bind‐
ing sites are hidden when the fibronectin proteins are in the folded state. Unfolding the
fibronectin by mechanotransduction through the CTIF system could unfold the modules in‐
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to fibrils, releasing some of the already bound growth factors as well as exposing other bind‐
ing sites to take part in biochemical activities; see review of [51].
3.2. Early evidence of the involvement of connective tissues (CT) during acupuncture in
action, up to year 2000
According to the TCM classics [52a], which was written a few thousand years ago, it was
hypothesized, based on clinical experience using acupuncture, that “….. the twelve meridi‐
ans go through regions between muscles, are deep and cannot be seen…… ”. Now we know
that in between the muscle spindles are connective tissues with deposited proteins, as part
of the CTIF system. So the correlation of the connective tissues with the meridians was al‐
ready hinted/stated in ancient Chinese classics. A series of research work starting from 1980s
leads to the analysis on the anatomical structure of the acupoint sites (of cadavers) and it
was found that acupoints of the “earth positions” [52b, 52c] were three-dimensional spaces
being close to nerve endings or branches of nerves, blood vessels and lymphatic vessels;
these regions or “spaces” referred to always include also one type of connective tissues or
another within the CTIF system [53-55]. Direct verification that acupoints are actually within
the CTIF system was not directly reported until science and technology developed to that
stage around 1990s.
In 1992, it was reported in [56] that after sparrow-pecking and twisting manipulation of acu‐
puncture needles to acupoints BL23, BL24, BL25 of human subjects until de qi was felt, some
transparent materials were found to be attached to the needles by microscopic analysis. The
materials contained collagen fibers, elastic fibers, fibroblasts, mast cells, macrophages and
adipocytes. In another study [57], based on morphological analysis of five cadavers, the 3D
structure of the acupoint SP6 was found to contain nervous, vasculature structures embed‐
ded in connective tissues. Dang et al in [58] used three cadavers and inserted needles to 11
acupoint sites of the Lung Meridian. In doing so, the acupuncturist also cast the needle to
each acupoint on a healthy male volunteer until de qi, and carried out computerized tomog‐
raphy x-ray examination of the needle position, to be compared with that exercised on the
cadavers. Nine out of the eleven acupoints of the Lung Meridian were found to be on the
periosteum layers of the related bones. Using three cadavers, the investigators [59] carried
out an anatomical analysis of all the acupoints of the GB meridian channel below the head
and found that from GB20 to GB44, 18 acupoints were mainly associated with the perios‐
teum and interosseous membrane, the other 7 were related to fascia, epineurium of the
nerve and articular capsule of the knee. All these anatomical structures are in fact connective
tissues of one form or another. Fei et al employed a video microscope [60] to examine the
specimens around the acupoint ST36 of cadavers and discovered that the anatomic structure
of capillaries, nerve plexus and lymphatic ducts formed a complex structure with connective
tissues as basis. They also analyzed the anatomy structure of 73 acupoints along three differ‐
ent meridians of three cadavers and reported that all these acupoint sites were associated
with connective tissues. Other similar characteristics have been reported along the acupoints
of the Stomach Meridian [61]. So many acupoints were found to be within layers of connec‐
tive tissues in, at least, all these studies.
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(then) showed cytoskeletal contractility, an aspect crucial to transmission of acupuncture
signal through the CTIF system. The correlation between calcium concentration and acu‐
points will be discussed in Section 9.
3. The CTIF system as platform for acupuncture signals to cause
biomedical effects via mechanotransductions of various kinds
3.1. Crucial characteristics of the CTIF system relevant to providing means for
transmission of acupuncture signals
Connective tissue (CT) is the most abundant tissue of the body. The components in CT are
the collagen fibers of various types [35], glycoproteins like fibronectin, laminin, tenascin,
elastin and various subclasses of proteoglycans. Among these sub-classes, hyaluronan is the
dominant glycosaminoglycan serving as the backbone for the assembly of other glycosami‐
noglycans in the CT. These proteins form different networks (with different combination of
components) in the extra-cellular matrix (ECM) associated with different tissues/organs
“wrapped” by the CT [36, 37].
The interstitial fluid serves to transport nutrient proteins, ions, oxygen and water from the
capillaries to the general tissues for their functions. It also removes cellular excreta, unused
proteins to the lymphatic system as well as transports CO2 from the tissues to the venous
capillaries. The proteoglycans of CT form extremely thin fibrils which interact with the sur‐
rounding interstitial fluid (IF) to form a gel-like ground substance [38, 39], allowing slow
flow for proper distribution of nutrients and processing of excreta.
The connective tissue interstitial fluid (CTIF) system forms a body frame with connected
layers which embeds the neurovascular tracts, connects tunicae around the visceral organs,
and extends to form the periosteum, nourishing the bones [38-41]. Nerve fibers are densely
populated around acupoint sites in the CTIF system. These nerve fibers innervate blood ves‐
sels, lymphatic vessels, with different types of endings serving as specific or polymodal no‐
ciceptive receptors [42]. The residence cells in the CTIF system are lymphocytes,
macrophages, adipocytes, plasma cells, eosinophils, fibroblasts, chondroblasts, osteoblasts,
stem cells and mast cells [43]. Fibroblasts sustain collagen fibers [44] while mast cells upkeep
the proliferation of fibroblasts [45]. The “organ/adherent cells” are defined here to be those
forming part of the “non-CTIF” tissue/organ like blood/lymphatic vessel cells, nerve cells,
visceral organ cells.
Without reference to special particulars of the acupuncture mechanism, some earlier studies
already indicated that fibroblasts throughout the connective tissues system were connected
among themselves [46, 47]. It was found that fibroblasts in different tissues grown in cell
culture were seen to contact one another with gap junctions at contact points [48-50]. More‐
over, many cryptic binding sites of the fibronectin modules have been identified; these bind‐
ing sites are hidden when the fibronectin proteins are in the folded state. Unfolding the
fibronectin by mechanotransduction through the CTIF system could unfold the modules in‐
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to fibrils, releasing some of the already bound growth factors as well as exposing other bind‐
ing sites to take part in biochemical activities; see review of [51].
3.2. Early evidence of the involvement of connective tissues (CT) during acupuncture in
action, up to year 2000
According to the TCM classics [52a], which was written a few thousand years ago, it was
hypothesized, based on clinical experience using acupuncture, that “….. the twelve meridi‐
ans go through regions between muscles, are deep and cannot be seen…… ”. Now we know
that in between the muscle spindles are connective tissues with deposited proteins, as part
of the CTIF system. So the correlation of the connective tissues with the meridians was al‐
ready hinted/stated in ancient Chinese classics. A series of research work starting from 1980s
leads to the analysis on the anatomical structure of the acupoint sites (of cadavers) and it
was found that acupoints of the “earth positions” [52b, 52c] were three-dimensional spaces
being close to nerve endings or branches of nerves, blood vessels and lymphatic vessels;
these regions or “spaces” referred to always include also one type of connective tissues or
another within the CTIF system [53-55]. Direct verification that acupoints are actually within
the CTIF system was not directly reported until science and technology developed to that
stage around 1990s.
In 1992, it was reported in [56] that after sparrow-pecking and twisting manipulation of acu‐
puncture needles to acupoints BL23, BL24, BL25 of human subjects until de qi was felt, some
transparent materials were found to be attached to the needles by microscopic analysis. The
materials contained collagen fibers, elastic fibers, fibroblasts, mast cells, macrophages and
adipocytes. In another study [57], based on morphological analysis of five cadavers, the 3D
structure of the acupoint SP6 was found to contain nervous, vasculature structures embed‐
ded in connective tissues. Dang et al in [58] used three cadavers and inserted needles to 11
acupoint sites of the Lung Meridian. In doing so, the acupuncturist also cast the needle to
each acupoint on a healthy male volunteer until de qi, and carried out computerized tomog‐
raphy x-ray examination of the needle position, to be compared with that exercised on the
cadavers. Nine out of the eleven acupoints of the Lung Meridian were found to be on the
periosteum layers of the related bones. Using three cadavers, the investigators [59] carried
out an anatomical analysis of all the acupoints of the GB meridian channel below the head
and found that from GB20 to GB44, 18 acupoints were mainly associated with the perios‐
teum and interosseous membrane, the other 7 were related to fascia, epineurium of the
nerve and articular capsule of the knee. All these anatomical structures are in fact connective
tissues of one form or another. Fei et al employed a video microscope [60] to examine the
specimens around the acupoint ST36 of cadavers and discovered that the anatomic structure
of capillaries, nerve plexus and lymphatic ducts formed a complex structure with connective
tissues as basis. They also analyzed the anatomy structure of 73 acupoints along three differ‐
ent meridians of three cadavers and reported that all these acupoint sites were associated
with connective tissues. Other similar characteristics have been reported along the acupoints
of the Stomach Meridian [61]. So many acupoints were found to be within layers of connec‐
tive tissues in, at least, all these studies.
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3.3. Evidence of the involvement of connective tissues during acupuncture in action,
starting from the twenty-first century
To probe the mechanism of acupuncture signal transmission, Langevin’s group produced a
series of works, demonstrating that connective tissues of rat abdominal wall explants would
wind around a rotating needle but not around an inserted one [62]. The suction force and
torque experienced by an acupuncturing needle in vivo during de qi were measured quanti‐
tatively by the machine they built. It was demonstrated that fibroblasts in the stated ex‐
plants would change the morphology from the “quiescent” round shape to elongated one
when the collagen fibers whirled around the (acupuncture) needle. In 2003, Ding et al [63]
repeated the above-stated force and torque measurement with a simpler machine. Compar‐
ing fig.6 of [62] and fig.8b of [63], it appears that fig.8b gives an additional feature (“vibrat‐
ing-like” wave, representing relaxation) to verify the involvement of elastic anatomical
tissues during the relaxation part of one complete action of winding and unwinding in the
in vivo experiments of subjects.
Later, more than 80 % of acupoints were found to coincide with intermuscular or intra-mus‐
cular connective tissue planes of postmortem tissue sections of the arm [64]. Images were
obtained from a digital data set derivable from 8556 slices of a female cadaver [65]. Like‐
wise, similar images were obtained from 9232 slices of a male cadaver [66]. Based on such
datasets, 3D images were obtained to generate the frames of the connective tissues for the
whole female and male bodies [41]. They located the positions of acupoints according to
TCM on such frames and reported that for one body, 361 acupoints were all located in vari‐
ous types of connective tissues, with a maximum of 204 in the intermuscular (loose) septa.
Further, it was demonstrated in [67] that needle-rotation-induced morphological change in
mouse fibroblasts explants was inhibited by inhibitors of actomyosin activity, Rho kinase
and Rac signaling. Analyzing these intracellular biochemical pathways, that “tension-in‐
duced signaling by acupuncture would lead to cytoskeletal remodeling of fibroblasts” was
considered to be directly verified in the explants experiments. These changes in cell shape
required the presence of both intact microtubules and microfilaments, implying an active,
cytoskeletal-dependent mechanism.
4. Response of the CTIF system to acupuncture at a typical acupoint in
the loose connective tissue layer
4.1. Fibroblasts in their quiescent state are not isolated, intact cells; traction of fibroblast
can trigger rapid global self-organization of the collagen matrix system
It was shown that slow local motion of collagen fibers driven by fibroblasts induced rapid
global self-organization of collagen gel (in minutes) in in vitro experiments [68]. Later, an‐
other in vitro study showed that fibroblasts in their quiescent state formed a whole body-
like network, with their processes in close proximities [69], implying that fibroblasts are not
really “isolated” cells. It has been demonstrated by another group that fibroblasts interact
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with 3D relaxed collagen matrices to form dendritic type of extensions without the align‐
ment of cytoskeletal microtubules [70]. However, at a high tension state (typical of cells on
“coverslips” in in vitro settings of such types of experiments, or consequence of acupuncture
rotation in the loose connective tissue), cells spread with lamellipodial extensions, requiring
the function of microtubules, meaning that the fibroblasts are exerting attraction force (back)
to the ECM matrix if the mechanical stimulus is strong enough. It has also been found fur‐
ther that migration of fibroblasts can remodel the architecture of the collagen matrix both
locally and globally [71], substantiating and adding more to [68]. All these studies demon‐
strate that there is a strong mechanical coupling between the fibroblasts and elements of the
connective tissues system, as a basis of transmitting mechanical signals through the CTIF
system, particularly when the tension of the collagen fibers reach a certain magnitude.
4.2. The rapid global self-organization of the collagen matrix system is initiated by
fibronectin fibrils formation
Despite the experimental discovery of the rapid self-organization of the collagen matrix as a
phenomenon, stated in Section 4.1, a scientific link is still missing as to understand the basic
mechanism on how such organization could occur rapidly to distances much greater than
cell size. Note that a number of proteins are attached to the ECM of cells with specifications
(Section 3.1). Among them, fibronectin (Fn) is produced by most cell types into their ECM
[72]. Using fluorescence resonance energy transfer techniques, it has been found only sever‐
al years ago in [73] that traction force of cells could stretch an initially nodular assembly of
Fn (with quaternary structure) to many times its initial length. It is noted that the unfolding
of Fn played an import role to outside-in and inside-out mechanotransduction due to cell
traction or when mechanical stimulus arrives the membranes of cells. Thus, the in vitro ex‐
periments suggests that in vivo acupuncture in action causes not only morphological
changes of fibroblasts, but also (as a consequence) an anatomical change-unfolding of Fn,
leading to formation of Fn fibrils in the collagen matrix. The CTIF system is thus mechani‐
cally well connected for efficient mechanotransduction. Whether other proteins like laminin
or tenascin (Section 3.1) would participate in a different or similar way to assist mechano‐
transduction is still a future research project. Now we understand at least Fn plays one key
role in global self-organization by forming fibrils.
4.3. Inter- and intra-muscular connective tissue cleavage planes favor
mechanotransduction to longer distance – suggestive of high efficiency of
mechanotransduction through the meridian channels
A  high  correlation  between  inter-  and  intramuscular  connective  tissue  cleavage  planes
and acupoints (around 80 %) and meridians (around 50 %) was found via analysis of ca‐
daver sections [64].  Though the exact  percentages different  in other  studies  [41,  58,  60],
by far the majority acupoints were found in the loose and other types of connective tis‐
sues, including that building up the periostia to join the bones. To set up in vitro mod‐
els of the intermuscular plane, type 1 collagen was cast in circular gels of different radii,
elliptical gels with quantified major and minor axes, matching the large and small circu‐
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3.3. Evidence of the involvement of connective tissues during acupuncture in action,
starting from the twenty-first century
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series of works, demonstrating that connective tissues of rat abdominal wall explants would
wind around a rotating needle but not around an inserted one [62]. The suction force and
torque experienced by an acupuncturing needle in vivo during de qi were measured quanti‐
tatively by the machine they built. It was demonstrated that fibroblasts in the stated ex‐
plants would change the morphology from the “quiescent” round shape to elongated one
when the collagen fibers whirled around the (acupuncture) needle. In 2003, Ding et al [63]
repeated the above-stated force and torque measurement with a simpler machine. Compar‐
ing fig.6 of [62] and fig.8b of [63], it appears that fig.8b gives an additional feature (“vibrat‐
ing-like” wave, representing relaxation) to verify the involvement of elastic anatomical
tissues during the relaxation part of one complete action of winding and unwinding in the
in vivo experiments of subjects.
Later, more than 80 % of acupoints were found to coincide with intermuscular or intra-mus‐
cular connective tissue planes of postmortem tissue sections of the arm [64]. Images were
obtained from a digital data set derivable from 8556 slices of a female cadaver [65]. Like‐
wise, similar images were obtained from 9232 slices of a male cadaver [66]. Based on such
datasets, 3D images were obtained to generate the frames of the connective tissues for the
whole female and male bodies [41]. They located the positions of acupoints according to
TCM on such frames and reported that for one body, 361 acupoints were all located in vari‐
ous types of connective tissues, with a maximum of 204 in the intermuscular (loose) septa.
Further, it was demonstrated in [67] that needle-rotation-induced morphological change in
mouse fibroblasts explants was inhibited by inhibitors of actomyosin activity, Rho kinase
and Rac signaling. Analyzing these intracellular biochemical pathways, that “tension-in‐
duced signaling by acupuncture would lead to cytoskeletal remodeling of fibroblasts” was
considered to be directly verified in the explants experiments. These changes in cell shape
required the presence of both intact microtubules and microfilaments, implying an active,
cytoskeletal-dependent mechanism.
4. Response of the CTIF system to acupuncture at a typical acupoint in
the loose connective tissue layer
4.1. Fibroblasts in their quiescent state are not isolated, intact cells; traction of fibroblast
can trigger rapid global self-organization of the collagen matrix system
It was shown that slow local motion of collagen fibers driven by fibroblasts induced rapid
global self-organization of collagen gel (in minutes) in in vitro experiments [68]. Later, an‐
other in vitro study showed that fibroblasts in their quiescent state formed a whole body-
like network, with their processes in close proximities [69], implying that fibroblasts are not
really “isolated” cells. It has been demonstrated by another group that fibroblasts interact
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with 3D relaxed collagen matrices to form dendritic type of extensions without the align‐
ment of cytoskeletal microtubules [70]. However, at a high tension state (typical of cells on
“coverslips” in in vitro settings of such types of experiments, or consequence of acupuncture
rotation in the loose connective tissue), cells spread with lamellipodial extensions, requiring
the function of microtubules, meaning that the fibroblasts are exerting attraction force (back)
to the ECM matrix if the mechanical stimulus is strong enough. It has also been found fur‐
ther that migration of fibroblasts can remodel the architecture of the collagen matrix both
locally and globally [71], substantiating and adding more to [68]. All these studies demon‐
strate that there is a strong mechanical coupling between the fibroblasts and elements of the
connective tissues system, as a basis of transmitting mechanical signals through the CTIF
system, particularly when the tension of the collagen fibers reach a certain magnitude.
4.2. The rapid global self-organization of the collagen matrix system is initiated by
fibronectin fibrils formation
Despite the experimental discovery of the rapid self-organization of the collagen matrix as a
phenomenon, stated in Section 4.1, a scientific link is still missing as to understand the basic
mechanism on how such organization could occur rapidly to distances much greater than
cell size. Note that a number of proteins are attached to the ECM of cells with specifications
(Section 3.1). Among them, fibronectin (Fn) is produced by most cell types into their ECM
[72]. Using fluorescence resonance energy transfer techniques, it has been found only sever‐
al years ago in [73] that traction force of cells could stretch an initially nodular assembly of
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mechanotransduction to longer distance – suggestive of high efficiency of
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A  high  correlation  between  inter-  and  intramuscular  connective  tissue  cleavage  planes
and acupoints (around 80 %) and meridians (around 50 %) was found via analysis of ca‐
daver sections [64].  Though the exact  percentages different  in other  studies  [41,  58,  60],
by far the majority acupoints were found in the loose and other types of connective tis‐
sues, including that building up the periostia to join the bones. To set up in vitro mod‐
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lar  gels  respectively  [74].  Collagen  was  also  cast  in  planar  gels  with  constraint  on  two
sides. Acupuncture needles were inserted into the gel specimens and rotated by motors,
mimicking  acupuncture  in  action.  It  was  found  that  rotation  in  planar  gels  with  con‐
straint on two sides,  elliptical gels,  circular gels generated the strongest,  less strong and
weakest  alignment of  collagen fibers respectively.  With fibroblasts  in the gel  specimens,
the  phenomenon  of  durotaxis  was  demonstrated  [39].  In  other  words,  fibroblasts  fol‐
lowed alignment of collagen fibers, with denser population along stronger alignment. Re‐
sult  of  such  in  vitro  experiment,  in  view  of  the  special  anatomical  characteristics  of
acupoint  sites,  supports  the  notion  that  efficiency  of  mechanotransduction  through  the
acupoints and meridian channels is relatively high, compared to non-acupoints, when in‐
duced by acupuncture action.
5. On the issue of peripheral blood vessel dilation resulting from
acupuncture
5.1. Recent revisit to the long standing question – Why would muscle compression on
blood vessels trigger immediate vessel dilation?
Biomedical scientists have been trying for years to explain the daily-experienced occurrence
of the immediate increase in blood flow to skeletal muscles at the onset of exercise.
In 2006, rat soleus arteries were isolated and pressure compressions were applied in a series
to the vessels [75]. It was found that dilation of these arteries was elicited by brief periods of
compression mimicking extravascular contractions, substantiating the stated daily experi‐
ence at the onset of exercise. Scientists still have to find out more about the mechanism be‐
hind the phenomenon of “self-regulatory type” of dilation.
5.2. Recent discovery: Unfolding of fibronectin fibrils in the ECM of vessel cells as one
key clue for Nitric Oxide-mediated local dilation
Using  intravital  microscopy  in  in  vivo  animal  experiment,  it  was  reported  for  the  first
time [76]  that  fibronectin  (Fn)  fibrils  in  the  CT near  blood vessel  would transduce  me‐
chanical signals from contracting skeletal muscle to trigger a fast,  specific and reversible
local  vessel  dilation  mediated  by  nitric  oxide,  the  commonest  vessel  dilator.  The  active
part of the Fn fibrils was found to be type III-I of Fn. Moreover, Fn, administered intra‐
venously, was found to assemble quickly into elongated, branching fibrils in the extracel‐
lular  matrix  of  intact  cremaster  muscle,  showing  active  polymerization  of  Fn  in  areas
adjacent to blood vessels.  These two sets of experiments indicated that unfolding of the
fibronectin fibrils of adult connective tissue plays a dynamic role in regulating both vas‐
cular  responses  and vascular  tone.  Though the  experiment  was  meant  to  find out  why
exercise  caused  vessel  dilation,  the  important  result  of  these  studies  is  that  mechano‐
transduction, when reaching the ECM of vessels could cause unfolding of Fn, triggering
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biochemical events leading to nitric oxide (NO)-mediated vasodilation (various aspects of
NO generation are discussed also in Section 9.4). This series of studies put forth the no‐
tion that blood vessels have self-regulating system to tone the dilation in response to ex‐
ternal mechanical disturbance, for survival of the organism.
5.3. Direct evidence of acupuncture-induced local vessel dilation
In a clinical setting, the levels of NO and the protein Interleukin-2 (IL-2) contents of periph‐
eral blood were reported to be significantly higher in 42 subjects after warm needling at
ST36 [77]. Using animal models, it was demonstrated [78] that electro-acupuncture at ST36
reduced blood pressure by activation of two nitric oxide Synthases (eNOS and nNOS, Sec‐
tion 9.4). In another clinical study with 20 subjects, it was demonstrated that acupuncture
would cause enhanced release of NO locally, leading to improved blood circulation. In par‐
ticular, NO concentration in the plasma from the acupunctured arm was significantly higher
after acupuncture. Blood flow in the palmar subcutaneous tissue of the acupunctured arm
was also increased [79]. Moreover, acupuncture was performed at LU7 of 56 subjects [80],
and the skin blood flow was found to be raised along the track from LU7 to LU5, using a
laser Doppler flowmeter.
5.4. The observation of infrared radiant tracks along the TCM meridians on the skin
during acupuncture and the recent discovery of adenosine triphosphate (ATP)
enhancement at acupoint region after acupuncture
A number of studies have been carried out to measure the temperature of different parts of
the skin (particularly the limbs) after acupuncture was applied to a diversity of acupoints of
human subjects and animals, using thermograms with resolution about o.1 degree Celcius
[4, 81, 82]. Infrared radiant tracks were detected along lines correlating with various TCM
meridian channels on the skin during acupuncture. Later, specimens along and away from
outside of these infrared radiant tracks of animal models were taken and it was found that
both the P substance and ATPase were higher with statistical significance along the meridi‐
an lines [83]. In another animal study [84], points along the Du meridian were taken as test
points and points 2.5 cm sideway to the test points were taken as reference. The oxygen par‐
tial pressure PO2 values in the deep tissues along these test points were found to be signifi‐
cantly higher than that of the reference points. The above results suggest that higher
metabolism rate was the source of the infrared radiant tracts observed on the skin, subse‐
quent to acupuncture action.
Recently, it was found in a mice model that acupuncture at ST 36 triggers an increase in the
ECM concentrations of ATP, ADP, AMP and adenosine. Abundance of these basic units of
bio-energy indicates occurrence of high metabolism rate [85]. The appearance of infrared ra‐
diant tracks on the skin part of the meridians can be interpreted as enhancement of blood
flow through the blood vessels (arising from activation of eNOS or non-NOS enzymes
which cause vessel dilation) along the meridian channels during/after acupuncture, leading
to a higher metabolic rate.
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6. Transmission of the acupuncture signals through
mechanotransduction from connective tissues to the nervous system
6.1. Acupoints are close to various types of nerve receptors
It has been hypothesized/inferred with evidence as stated in [39, 60, 86, 87] that acupoints
are close to high density sites of polymodal and specific nociceptive receptors, neurovascu‐
lar structure, lymphatic vessels, and mast cells. In fact, high density of nerve endings was
also found at many acupoint sites of rat models recently [88]. All peripheral nerve fibers are
embedded by various CT layers (endoneurium, perineurium, epineurium) with epineurium
forming the outermost layer. Thus acupuncture applied at the acupoint sites which are em‐
bedded in the CTIF system would send mechanical signals readily to the mechanical nerve
sensors close to the acupoints. Upon receiving mechanical stimulation, the mechanical re‐
ceptors of nerve cells would have some of the cations and Ca2+ activated [89]. The in-flux
and out-flux of the associated ions leads to the appearance of the action potentials which
propagate as signals through the nerve fibers. Evidence-based result suggests that mechano‐
transduction originated from acupuncture could send signals through the skin, as well as
through reflexes carried out by nerves deeper down, to be briefly specified below.
6.2. Acupuncture could initiate signals via mechanotransduction to travel along the skin
level of the meridian channels based on animal model studies
In a series of study, 125-I-tyrosine was injected to animal models [90-92]. The epidermis and
dermis part of the skin was exposed to x-ray films for weeks. Longitudinal distributed lines
with rich sympathetic substance (neurotransmitters) were found on the skin. These lines
were inferred to be correlated to the skin parts of the known TCM meridian channels. Acu‐
puncturing at ST36 was demonstrated to relief pain of the rabbit model, but injection of in‐
hibitors of neurotransmitters or cutting the part of the skin en route the Stomach Meridian at
the back of the animal model abolished the analgesic effects. These studies provide evidence
that acupuncture could cause signals to be transmitted along meridian channels at the skin
level. The signals propagate as if jumping over nerve endings. Other independent studies
[93] documented that evoked potential could be transmitted across skin nerve endings of the
Urinary Bladder Meridian of the bullfrog model using electrophysiology technique. So far
neural transmission was interpreted as axon reflex along the skin employing hairy animal
models in the above four references. More detailed analysis is needed to make more con‐
crete statement on the stated skin-phenomenon associated with the application of acupunc‐
ture to “non-hairy animal models”.
6.3. Acupuncture leads to “external-internal connection” (a TCM concept) by way of
somato-visceral organ reflexes based on animal models studies
In Chinese medicine the external-internal connection has been emphasized for several thou‐
sand years [52c]. In modern biomedical science language, the function of visceral organs is
regulated by the autonomic nervous system and the function of the skin and skeletal muscle
Acupuncture in Modern Medicine106
is regulated by the somatic nervous system. Since specific muscles are connected to a viscer‐
al organ/system in general, the somatic nervous system also participates in the regulation of
the visceral organ. Thus the external (acupuncture at sites near nerve sensors) and internal
(visceral organs function) connection via the somato-visceral organ reflexes are explainable
physiological pathways [94-96]. As the somato- and visceral-nerve fibers are connected to
one or more spinal cord segments, and eventually to the brain, the organization centers of
the somato-visceral organ reflexes can be at the spinal cord segment(s) or the brain [94]. As
noted in [96], the somato-visceral reflexes can be mediated through four major pathways: (i)
the axon reflex which has no direct automatic involvement but performs as if there is auto‐
matic activation; (ii) the spinal reflex characteristics of segmental organization; (iii) the me‐
dullary reflex which is integrative in nature; (iv) supra medullary reflex which is related to
hormonal secretion like sweating and regulation of cerebral blood flow.
6.4. Acupuncture induces immunity-mediated or neurogenic inflammation around the
region of stimulus
Some somato-visceral neurons, having their cell bodies in the dorsal root ganglia, behave as
afferents as well as efferents by releasing neuropeptides from their peripheral terminals.
These peptides induce a cascade of changes, collectively called “neurogenic inflammation”,
specified by two general events [97]: (i) Antidromic vasodilaton (ADV), the increased blood
flow seen in tissues on stimulation of the sensory dorsal roots. (ii) Plasma extravasation.
The  C  and  A  delta  neuron  endings  with  abundant  nociceptive  receptors  are  hypothe‐
sized with evidence to be acupoint sites [39,  60,  86,  87],  and they are being involved in
such inflammation. Antidormic vasodilatoin (ADV) is only clearly seen when C-fibers or
some of Aδ fibers are excited [97, 98]. What our body system tries to do is “reasonable”
and obvious microvessels (particularly the capillaries) dilate, and increase the permeabili‐
ties of the vessel walls so that blood flow is increased together with enhanced exudation
of plasma to the injured site where acupuncture was applied. During this time more leu‐
kocytes, which are activated by the hormones, are released from the nociceptive sensory
receptors. These leukocytes can migrate from the blood to the interstitial site, and togeth‐
er  with  the  “residence”  immune  cells  of  the  CTIF  (macrophages,  eosinophil,  …..),  they
carry out their basic immunity duties,  while the excreta are being carried away by rela‐
tively larger fluid volume to the lymphatic vessels to be processed at  the lymph nodes.
That acupuncture would lead to neurogenic inflammation has already been analyzed in
[87].  Though acupuncture-induced neurogenic inflammation could bring benefits (details
like pain treatment are outside the scope of in this chapter), the effect must be regulated/
fine-tuned. For example, manual acupuncture has been documented to modulate capsai‐
cin-induced edema,  a  phenomenon within the  general  concept  of  neurogenic  inflamma‐
tion  [99,  100].  Concerning  the  fine-tuning  aspect,  there  is  evidence  that  the  nervous
system can regulate the inflammatory response reflexively in real time [101]. To find out
the modality of acupuncture that could regulate neurogenic inflammation by stimulating
selective and reversible reflexive neural systems is perhaps another topic of acupuncture
research in the future.
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6.5. Acupuncture can trigger signals through afferent nerve fibers to reach the brain –
MRI demonstrations
Using magnetic resonance imaging (MRI) technique, investigations have been carried out to
analyze the parts of the brain being activated in response to acupuncture or electroacupunc‐
ture applied at acupoints and non-acupoints. It was found that acupuncture stimulation of
acupoints has specific effects on cortical neuronal activity, but not so for non-acupoints
[102]. The integrated response of the human cerebellar system to acupuncture stimulation at
ST36 was found to be correlated with the psycho-physical response [103]. There was evi‐
dence suggesting that chronic pain patients responded to acupuncture differently than
healthy normal subjects, through a coordinated network including hypothalamus and
amygdala [104]. However, a recent study points out that nonferromagnetic needles need to
be used during acupuncture if MRI measurement is to be carried out [105]. I would note that
the magnetic field inside a MRI tube is typically ~ 15, 000 gauss, whereas the earth’s magnet‐
ic field is around 0.5 gauss. The magnetic field at the point of acupuncture application has to
be well-shielded during MRI scanning, if the needle is ferromagnetic, for obvious scientific
reasons. Therefore, I could not comment on the MRI results unless proper needles are used
in this type of studies or proper magnetic–shielding is clearly specified in the report.
Another alternative is to employ real time source imaging analysis using multi-channel elec‐
troencethalogram (EEG) to analyze the brain function [106] during acupuncture in action. It
might be possible to make more concrete statement on how the brain responds in real time
to the action of acupuncture employing this new neural imaging technique using dipole
source analysis in the future.
6.6. Mechanotransduction induces release of vasodilatory neuropeptides from nerve
endings, a very recent study
Acupuncture was applied to acupoint Hegu (L14) of subjects, while the frequency content of
skin blood flow signals was measured using Laser Doppler flowmetry (LDF) simultaneously
[107]. It was demonstrated that needling L14 significantly increased blood perfusion at the acu‐
point, but not at nearby non-acupoint sites. Based on a wavelet transform analysis technique of
the LDF data [108], it was inferred that the resultant blood flow increase was caused by the re‐
lease of vasodilatory neuropeptides from nerve endings, which subsequently interact with
sympathetic vasoconstriction neurons. Thus apart from more direct NO-mediated vessel dila‐
tion triggered by mechanical signals applied to vessel cells discussed in the last section, acu‐
puncture could induce vessel dilation through interaction with nerve endings.
7. Acupuncture may influence the flow characteristics of the interstitial
fluid, leading to biomedical consequences
7.1. Evidence of the interstitial fluid flows correlating with some TCM meridian channels
using radioactive tracers
Starting from 1960, Chinese researchers began to inject radioactive materials in acupoints
and recorded the radiation using scintillation counter outside the test body. The first formal
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report released to the public appeared in [109]. Tiberiu et al then [110] recorded the radioac‐
tive trace to follow from UB61 to UB67, away from the heart [110]. It was found also in [110]
that there was a “stationary time interval” during which propagation did not proceed at all
and this interval varied among individuals and among meridians, having a mean of 37.28 s.
Later, radioactive material was injected into acupoints of the extremities (fingertips and
those around the ankles) of 94 volunteers. The longest radioactive track detected was identi‐
fied to be along the Spleen Meridian, to a length of 85.87 cm and the shortest propagation
path was 33.21 cm, correlating to the Large Intestine Meridian [111-113]. These authors con‐
cluded that the flows were not along blood vessels.
7.2. Evidence of fluid flow along channels of low dynamical resistance in animal models
using pressure transducers
While the existence of the interstitial fluid is well established in physiology, fluid pressure
measurement in vivo was progressed very slowly due to experimental difficulty. Guyton
[114] and Levick [115] developed two basic methods [116] using mechanical transducers
connected to special needles which were inserted to sites of investigation in vivo. Analyzing
signals obtained from the transducers give information on the relative pressure of the inter‐
stitial fluid. Zhang modified these methods and to measure the fluid pressure and discov‐
ered that many sites of relative low fluid dynamic resistance existed in the subcutaneous
connective tissue layers of animals (rabbits, pigs ) and humans [117, 118]. From such series
of studies, he inferred that the meridians were interstitial fluid channels flowing with differ‐
ent speeds at different sites, substantiating the existence of flows correlating with some TCM
meridians and general characteristics of “uneven flow rates” discovered in the radioactive
tracer experiments.
7.3. Can acupuncture influence the flow characteristics of the interstitial fluid in the CTIF
system?
It is well-known in classical physiology that the IF flow characteristics are controlled by the
hydrostatic pressure Pif of IF, the colloid osmotic pressure (Starling’s law) as well as the lym‐
phatic draining strength. While the vasculature system is well studied, the features of IF
flow and variations of Pif transports are relatively un-explored. If there is a difference of Pif
between two adjacent points in the interstitium, IF tends to flow to balance such a pressure
difference. Since gravity also acts on the IF, at any instance, the Pif in different parts of the
interstitium are different, and the values of Pif depends on the posture of the body [119]; a
recent revisit has been paid to analyze how would the interstitium operate as a dynamic in‐
terface for water and solute distribution over the body [120]. As the IF flows through a com‐
plicated structure of fibers, proteins, cells in the interstitium, intuition argues that the CT
structure would influence IF flow characteristics. If a subject is to remain in the (healthy)
physiological state, the IF must have the proper flow speeds at various sites for healthy dis‐
tribution of nutrients and drainage of excreta (Section 3.1). There is evidence that the integ‐
rins of the residing cells and growth factors in the CTIF together play active role tending to
keep IF homeostasis [121, 122]. On the other hand, it is documented in [123] that Pif in
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6.5. Acupuncture can trigger signals through afferent nerve fibers to reach the brain –
MRI demonstrations
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acupoints has specific effects on cortical neuronal activity, but not so for non-acupoints
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the magnetic field inside a MRI tube is typically ~ 15, 000 gauss, whereas the earth’s magnet‐
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6.6. Mechanotransduction induces release of vasodilatory neuropeptides from nerve
endings, a very recent study
Acupuncture was applied to acupoint Hegu (L14) of subjects, while the frequency content of
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7. Acupuncture may influence the flow characteristics of the interstitial
fluid, leading to biomedical consequences
7.1. Evidence of the interstitial fluid flows correlating with some TCM meridian channels
using radioactive tracers
Starting from 1960, Chinese researchers began to inject radioactive materials in acupoints
and recorded the radiation using scintillation counter outside the test body. The first formal
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report released to the public appeared in [109]. Tiberiu et al then [110] recorded the radioac‐
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of studies, he inferred that the meridians were interstitial fluid channels flowing with differ‐
ent speeds at different sites, substantiating the existence of flows correlating with some TCM
meridians and general characteristics of “uneven flow rates” discovered in the radioactive
tracer experiments.
7.3. Can acupuncture influence the flow characteristics of the interstitial fluid in the CTIF
system?
It is well-known in classical physiology that the IF flow characteristics are controlled by the
hydrostatic pressure Pif of IF, the colloid osmotic pressure (Starling’s law) as well as the lym‐
phatic draining strength. While the vasculature system is well studied, the features of IF
flow and variations of Pif transports are relatively un-explored. If there is a difference of Pif
between two adjacent points in the interstitium, IF tends to flow to balance such a pressure
difference. Since gravity also acts on the IF, at any instance, the Pif in different parts of the
interstitium are different, and the values of Pif depends on the posture of the body [119]; a
recent revisit has been paid to analyze how would the interstitium operate as a dynamic in‐
terface for water and solute distribution over the body [120]. As the IF flows through a com‐
plicated structure of fibers, proteins, cells in the interstitium, intuition argues that the CT
structure would influence IF flow characteristics. If a subject is to remain in the (healthy)
physiological state, the IF must have the proper flow speeds at various sites for healthy dis‐
tribution of nutrients and drainage of excreta (Section 3.1). There is evidence that the integ‐
rins of the residing cells and growth factors in the CTIF together play active role tending to
keep IF homeostasis [121, 122]. On the other hand, it is documented in [123] that Pif in
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(breast) tumor is increased, caused by tumor-associated angiogenesis, and the IF flow speed
becomes faster. Such rise in Pif inhibits pharmaceutical chemicals to reach the target tumor;
moreover, cancer cells might be driven to the lymphatic vessels nearby. The aspects on how
physical force of the flowing IF would regulate tumor invasion were analyzed in [124]. The
issue on the synergies between lymph drainage and flow- induced mechanotransduction in
stroma of cancer cells is being studied very recently [125]. Thus controlling proper Pif seems
to be important for health, but biomedical scientists are still in the “infancy state” of IF re‐
search. When we rotate a needle back and forth during acupuncture, in addition to sending
mechanical signals along the CTIF system, intuition seems to support the idea that there is a
redistribution of tension among the collagen fibers affected. Since the collagen fibers of the
CT are embedded in the IF, acupuncture gives room for the IF to redistribute the Pif also.
Thus I hypothesize that acupuncture serves as a toning process of the IF flow, tending to
keep homeostasis of Pif along the meridian channels (see a related article [126]). Further re‐
search along this line is also important, keeping in mind that Pif rise in tumor is the conse‐
quence of a pathological process.
8. Acupuncture causes mast cell degranulation as an immunity response,
and may cause release of transforming -growth- factor-β from ECM of
fibroblasts, as activators for local stem cell lineage specification
8.1. Mast cells degranulation induced by acupuncture action
Mast cell densities were found to be higher around acupoints than nearby non-acupoints
[127-131]. There is evidence that mast cells interact with connective tissue matrix compo‐
nents through integrins [132]. Interaction of nerve cells and mast cells [133-135] causes de‐
granulation of the latter, releasing part (as a “piecemeal” release) or all of the large number
of enclosed biochemical molecules which are involved in physiological and pathophysiolog‐
ical events [136]. These biomolecules include serotonin, proteases, heparin, granulocyte,
macrophage, colony-stimulating factor (GM-CSF), leukotrienes, interleukins, transforming
growth factors (TGF), tumor necrosis factor-α (TNFα), calcitonin, nerve growth factor
(NGF), stem cell factor (SCF), substance P, histamine, prostaglandin, thromboxane, and oth‐
er peptides like fibroblast growth factor (FGF) [45, 136, 137]. Such biomolecules, working
separately or cooperatively, are involved in (1) allergy response, (2) acquired immunity, (3)
innate immunity, (4) maintaining the life of sensory neurons, (5) inflammation, (6) support‐
ing the growth of T cells and various tissues, (7) metabolic rate, (8) noxious stimuli response,
(9) blood vessel tone regulation, (10) fibroblast growth, (11) wound healing, and (12) osteo‐
blast formation.
There is direct evidence that acupuncture could cause degranulation of mast cells via me‐
chanotransduction [130, 131]. Thus mast cells can be considered as mediators of the effector
function of acupuncture. Note also that in classical physiology, mast cells are linked mainly
to allergy response. However, as pointed out in [136], “why does an extraordinary cell type
spend its life from the bone marrow through the circulation system, to the skin and lungs
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aveola and just waiting for a few allergy antigens?” Also, according to more recent acupunc‐
ture research, why do more mast cells migrate along channels correlating with the TCM
meridians? [39] Why are there so many “biomedical ingredients” or contents inside this cell
type? [137] The interesting issue is: a mast cell degranulates under certain conditions (like
increase of tension of collagen fibers attached to ECM of mast cell, via acupuncture) as a
“grand sacrifice for life” and the empty shell seems to recycle after use and the story repeats
[136]. I conjecture that, in the future, bridging acupuncture research and biomedical research
of the functions of mast cell subset MCtc (here the subscripts t, c stand for tryptase and chy‐
mase respectively), which resides in the connective tissue, would give clues to extensive an‐
swers of the above interesting questions, relating closely to immunity, wound healing and
other physiological aspects.
8.2. Unfolding of the fibronectin (Fn) fiber fibrils associated with fibroblasts could
activate and release transforming grow factors during wound healing, with stem cells
specification playing a plausibly crucial role
Mesenchymal stem cells (MSC) are far away from their orginal source (bone marrow) and
are “wandering” near various tissues/organs in the CTIF system for repair after injury, rein‐
forcement of growth when necessary [138]. Upon activation, they differentiate into skeletal
myocytes, smooth muscle cells, adipocytes, osteoblasts, chondrocytes and even neurons
[139] and the substrate’s mechanical property like elasticity is one key factor that decides
which phenotype each stem cell is deveolped into [140]. It has been found also [141] that
TGF-β can activate the differentiation of these adult stem cells. Since the transforming
growth factor molecules are secreted (by various cells, including degranulation of mast
cells) into the CTIF system in the dormant/latent state [142] in the midst of glycoproteins (fi‐
bronectin, laminin, ...), it is intriquing to ask under what conditions will the TGF-β mole‐
cules be activated. We have already discussed the evidence of cell-mediated unfolding of the
Fn fibrils and the subsequent exposure of cryptic binding sites of blood vessel cells in Sec‐
tion 4 and [143, 144]. Now cellular Fn is synthesized by many cells, including fibroblasts, en‐
dothelial cells, chondrocytes, synovial cells and myocytes [145]. Some recent study [146]
indicates that there are Fn cryptic binding sites which can be specifically bound by TGF-β.
The above cited series of studies provide the possible/plausible linkage between mechano‐
transduction plausible arising from acupuncture, and the release of activated TGF-β in spec‐
ification of stem cells for normal growth, repair/wound healing.
Along this line of logic, first note that latent transforming-growth-factor-β-binding protein
(LTBPs) are ECM glycoproteins which play the major role of storing latent TGF-β in the
ECM. In vitro study [147] indicated that Fn fibrils and their continous presence were re‐
quired for controlled storing of LTBP1 in the ECM of fibroblasts. Since TGF-β plays impor‐
tant roles in a wide range of cellular processes (including apoptosis and proliferation), it is
important to find out whether Fn-activated TGF-β is controlled, at least in in vitro injury/
healing model experiment. In fact, in a very recent study of liver injury, it has been shown
that fibronectin protects excessive liver fibrosis by controled local activation of TGF-β [148,
149]. The maneuvering process of acupuncture, either by piston-like action or rotation, auto‐
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to be important for health, but biomedical scientists are still in the “infancy state” of IF re‐
search. When we rotate a needle back and forth during acupuncture, in addition to sending
mechanical signals along the CTIF system, intuition seems to support the idea that there is a
redistribution of tension among the collagen fibers affected. Since the collagen fibers of the
CT are embedded in the IF, acupuncture gives room for the IF to redistribute the Pif also.
Thus I hypothesize that acupuncture serves as a toning process of the IF flow, tending to
keep homeostasis of Pif along the meridian channels (see a related article [126]). Further re‐
search along this line is also important, keeping in mind that Pif rise in tumor is the conse‐
quence of a pathological process.
8. Acupuncture causes mast cell degranulation as an immunity response,
and may cause release of transforming -growth- factor-β from ECM of
fibroblasts, as activators for local stem cell lineage specification
8.1. Mast cells degranulation induced by acupuncture action
Mast cell densities were found to be higher around acupoints than nearby non-acupoints
[127-131]. There is evidence that mast cells interact with connective tissue matrix compo‐
nents through integrins [132]. Interaction of nerve cells and mast cells [133-135] causes de‐
granulation of the latter, releasing part (as a “piecemeal” release) or all of the large number
of enclosed biochemical molecules which are involved in physiological and pathophysiolog‐
ical events [136]. These biomolecules include serotonin, proteases, heparin, granulocyte,
macrophage, colony-stimulating factor (GM-CSF), leukotrienes, interleukins, transforming
growth factors (TGF), tumor necrosis factor-α (TNFα), calcitonin, nerve growth factor
(NGF), stem cell factor (SCF), substance P, histamine, prostaglandin, thromboxane, and oth‐
er peptides like fibroblast growth factor (FGF) [45, 136, 137]. Such biomolecules, working
separately or cooperatively, are involved in (1) allergy response, (2) acquired immunity, (3)
innate immunity, (4) maintaining the life of sensory neurons, (5) inflammation, (6) support‐
ing the growth of T cells and various tissues, (7) metabolic rate, (8) noxious stimuli response,
(9) blood vessel tone regulation, (10) fibroblast growth, (11) wound healing, and (12) osteo‐
blast formation.
There is direct evidence that acupuncture could cause degranulation of mast cells via me‐
chanotransduction [130, 131]. Thus mast cells can be considered as mediators of the effector
function of acupuncture. Note also that in classical physiology, mast cells are linked mainly
to allergy response. However, as pointed out in [136], “why does an extraordinary cell type
spend its life from the bone marrow through the circulation system, to the skin and lungs
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aveola and just waiting for a few allergy antigens?” Also, according to more recent acupunc‐
ture research, why do more mast cells migrate along channels correlating with the TCM
meridians? [39] Why are there so many “biomedical ingredients” or contents inside this cell
type? [137] The interesting issue is: a mast cell degranulates under certain conditions (like
increase of tension of collagen fibers attached to ECM of mast cell, via acupuncture) as a
“grand sacrifice for life” and the empty shell seems to recycle after use and the story repeats
[136]. I conjecture that, in the future, bridging acupuncture research and biomedical research
of the functions of mast cell subset MCtc (here the subscripts t, c stand for tryptase and chy‐
mase respectively), which resides in the connective tissue, would give clues to extensive an‐
swers of the above interesting questions, relating closely to immunity, wound healing and
other physiological aspects.
8.2. Unfolding of the fibronectin (Fn) fiber fibrils associated with fibroblasts could
activate and release transforming grow factors during wound healing, with stem cells
specification playing a plausibly crucial role
Mesenchymal stem cells (MSC) are far away from their orginal source (bone marrow) and
are “wandering” near various tissues/organs in the CTIF system for repair after injury, rein‐
forcement of growth when necessary [138]. Upon activation, they differentiate into skeletal
myocytes, smooth muscle cells, adipocytes, osteoblasts, chondrocytes and even neurons
[139] and the substrate’s mechanical property like elasticity is one key factor that decides
which phenotype each stem cell is deveolped into [140]. It has been found also [141] that
TGF-β can activate the differentiation of these adult stem cells. Since the transforming
growth factor molecules are secreted (by various cells, including degranulation of mast
cells) into the CTIF system in the dormant/latent state [142] in the midst of glycoproteins (fi‐
bronectin, laminin, ...), it is intriquing to ask under what conditions will the TGF-β mole‐
cules be activated. We have already discussed the evidence of cell-mediated unfolding of the
Fn fibrils and the subsequent exposure of cryptic binding sites of blood vessel cells in Sec‐
tion 4 and [143, 144]. Now cellular Fn is synthesized by many cells, including fibroblasts, en‐
dothelial cells, chondrocytes, synovial cells and myocytes [145]. Some recent study [146]
indicates that there are Fn cryptic binding sites which can be specifically bound by TGF-β.
The above cited series of studies provide the possible/plausible linkage between mechano‐
transduction plausible arising from acupuncture, and the release of activated TGF-β in spec‐
ification of stem cells for normal growth, repair/wound healing.
Along this line of logic, first note that latent transforming-growth-factor-β-binding protein
(LTBPs) are ECM glycoproteins which play the major role of storing latent TGF-β in the
ECM. In vitro study [147] indicated that Fn fibrils and their continous presence were re‐
quired for controlled storing of LTBP1 in the ECM of fibroblasts. Since TGF-β plays impor‐
tant roles in a wide range of cellular processes (including apoptosis and proliferation), it is
important to find out whether Fn-activated TGF-β is controlled, at least in in vitro injury/
healing model experiment. In fact, in a very recent study of liver injury, it has been shown
that fibronectin protects excessive liver fibrosis by controled local activation of TGF-β [148,
149]. The maneuvering process of acupuncture, either by piston-like action or rotation, auto‐
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matically extends the fibronectin network and tones the mechanical tension of other fibers,
and that one consequence is the activation of TGF-β in the CTIF. The activated TGF-β mole‐
cules under the control of Fn fibrils may activate adult stem cells for proper healing [141].
Moreover, Fn matrices have been shown to act as storage of various growth factors which
regulate cellular proliferation [72, 150]. Future research on whether acupuncture type of me‐
chanotransduction would trigger release and/or activate some of these growth factors, for
tissue/organ homeostasis, wound repair is an important project.
9. Discussions – Summary of the plausible consequences of acupuncture
and some frontier issues in future acupuncture research
9.1. The emergence of the meridians as a natural system of communication of all multi-
cell organisms
After a cell has completed its first mitosis into two and more cells, a system of communication
must have existed to cater for the coordination of the function of a group of cells, and morpho‐
genic development as a whole, before the nervous system is built up. Mechanical forces, in‐
cluding that derived from fluid flow in the embryo play crucial roles [151] in these functions.
The mesoderm at a later stage develops mainly into the largest tissue of the body--the connec‐
tive tissue system. Thus the CTIF system is a natural platform for communication, with the
nervous system joining in at a later stage; those parts which can carry signals most efficiently,
become the natural meridians channels. With the development of the blood and lymph circula‐
tions, nerve systems, immune system of various cells……, there are stations through which
various types of signals can be sent/relayed with better efficiency to other parts of the body for
survival of the organism. Acupoints have been hypothesized as such functional sites along the
natural communication network [39]. Therefore, it is not too surprised to find from in vitro ex‐
periment that the CTIF network is mechanically connected once fibroblasts exert traction on
the collagen fibers due to mechanotransduction, of which the action of acupuncture is one ex‐
ample. I would further note that the expression of the protein connexin 43 (Cx43) around acu‐
point ST36 and other acupoints along the stomach meridian was found to be higher than that of
non-acupoints, suggesting that intercellular communication through the stomach meridian is
more efficient than that through nonacupoint sites; see Section 2.3 & [152]. Moreover, two re‐
cent studies showed that manual acupuncture at ST36 influenced the pain thresholds of acid-
induced and heat-induced pain in Cx43 heterozygous gene knockout mice [153, 154]. Having
analyzed above, I would remark that some of the acupoints could also be morphological cen‐
ters developed from embryo, as proposed in [155].
9.2. Summary of the plausible consequences of acupuncture action at a typical acupoint:
acupuncture represents a micro-injury or micro-massage the consequences of which
should be able to be explained by biomedical knowledge in principle
Referring to Fig.1, the number at each box indicates the section number for which the proc‐
ess is discussed. We start with the box 3.3, marked “acupuncture at acupoint”. This block
joins via a solid arrow to the left box number 4.1, which represents fibroblasts cytoskeletal
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remodeling. The solid arrow signifies that such a statement is suggested and supported by
either in vitro or in vivo experiment. The dotted arrow towards another box is only specula‐
tive/hypothesized, without direct experimental support so far. An arrow together with a
question mark from box 3.3 to box 9.5 indicates that, whether such a possibile connection
exists, is still an open question, awaiting further research to give clue to an answer. The dot‐
ted double-headed arrow joining boxes 7.3 and 9.5 represents a speculation that the two
processes might be related. With some relevant basics introduced in Sections 2 & 3, follow‐
ing the discussions presented from Sections 4-8, the float chart is self-explanatory.
Acupuncture is a micro-injury with certain specific procedures. Manual acupuncture in ac‐
tion should in principle be able to be explained by evidence-based medical science. Howev‐
er, the effects of acupuncture as a whole are the complex physiological consequences of all
types of mechanotransduction events (with different time scales) triggered by the needling
action. Therefore, the acupuncture mechanism cannot be deduced by a simple sequence of
experiments or a simple theory. Reviews bridging advancements in sections 1(B and C)
might serve to help in probing the mystery existing over several thousand years. When we
understand more about such “bridges” (of which this chapter is only one small example),
we can attempt to explain step by step, but gaining progress continuously, more specifically
the reasons behind the consequences of acupuncture.
9.3. The mystery of calcium concentration at acupoints
Employing the proton induced X-ray emission (PIXE) technique, the calcium content at vari‐
ous sites of the connective tissues of the lower limbs of 7 cadavers was measure [60]. The
calcium concentration at a typical known acupoint was reported to be several tens higher
than that of the non-acupoints which were along the same meridian, but was 100~200 times
higher than that of non-acupoint, non-meridian sites. A needle shape electrode was built se‐
lectively catered for Ca2+ detection by another group [156]. The relative Ca2+ concentrations
were found to be higher at five acupoints, as well as two mid-points between two known
adjacent acupoints of the ST meridian as compared to sites of control (certain distances
away). Correlation between relatively high calcium concentrations and various acupoints
(as compared to non acupoints) have also been reported by other groups [157-160]. Above
stated research results suggest that there are (extra-cellular, Section 2.4) calcium stores at, or
near the acupoint sites. Note that a number of acupoints are found in the periosteum [58]. I
hypothesize that there are also high concentrations of calcium stores at or near these acu‐
points because from basic physiology, we learn that there is continuous calcium transport
from the bone back to the circulation system, while new stem cells, i.e. osteoblasts are mi‐
grating along the periosteum to build new bone in our daily life [38].
Incidentally, it is amazing to find experimentally that in the biological world the calcium
waves can be frequency-modulated or amplitude-modulated to transmit information and be
detected in cells [161-163], similar to radio signal communication. Whether different fre‐
quency of manual and electrical acupuncture stimulus could be “decoded” in a quantitative
way by relevant cells will be an interesting topic. Thus there are intriquing aspects relating
calcium activity and acupuncture
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matically extends the fibronectin network and tones the mechanical tension of other fibers,
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Moreover, Fn matrices have been shown to act as storage of various growth factors which
regulate cellular proliferation [72, 150]. Future research on whether acupuncture type of me‐
chanotransduction would trigger release and/or activate some of these growth factors, for
tissue/organ homeostasis, wound repair is an important project.
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nervous system joining in at a later stage; those parts which can carry signals most efficiently,
become the natural meridians channels. With the development of the blood and lymph circula‐
tions, nerve systems, immune system of various cells……, there are stations through which
various types of signals can be sent/relayed with better efficiency to other parts of the body for
survival of the organism. Acupoints have been hypothesized as such functional sites along the
natural communication network [39]. Therefore, it is not too surprised to find from in vitro ex‐
periment that the CTIF network is mechanically connected once fibroblasts exert traction on
the collagen fibers due to mechanotransduction, of which the action of acupuncture is one ex‐
ample. I would further note that the expression of the protein connexin 43 (Cx43) around acu‐
point ST36 and other acupoints along the stomach meridian was found to be higher than that of
non-acupoints, suggesting that intercellular communication through the stomach meridian is
more efficient than that through nonacupoint sites; see Section 2.3 & [152]. Moreover, two re‐
cent studies showed that manual acupuncture at ST36 influenced the pain thresholds of acid-
induced and heat-induced pain in Cx43 heterozygous gene knockout mice [153, 154]. Having
analyzed above, I would remark that some of the acupoints could also be morphological cen‐
ters developed from embryo, as proposed in [155].
9.2. Summary of the plausible consequences of acupuncture action at a typical acupoint:
acupuncture represents a micro-injury or micro-massage the consequences of which
should be able to be explained by biomedical knowledge in principle
Referring to Fig.1, the number at each box indicates the section number for which the proc‐
ess is discussed. We start with the box 3.3, marked “acupuncture at acupoint”. This block
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question mark from box 3.3 to box 9.5 indicates that, whether such a possibile connection
exists, is still an open question, awaiting further research to give clue to an answer. The dot‐
ted double-headed arrow joining boxes 7.3 and 9.5 represents a speculation that the two
processes might be related. With some relevant basics introduced in Sections 2 & 3, follow‐
ing the discussions presented from Sections 4-8, the float chart is self-explanatory.
Acupuncture is a micro-injury with certain specific procedures. Manual acupuncture in ac‐
tion should in principle be able to be explained by evidence-based medical science. Howev‐
er, the effects of acupuncture as a whole are the complex physiological consequences of all
types of mechanotransduction events (with different time scales) triggered by the needling
action. Therefore, the acupuncture mechanism cannot be deduced by a simple sequence of
experiments or a simple theory. Reviews bridging advancements in sections 1(B and C)
might serve to help in probing the mystery existing over several thousand years. When we
understand more about such “bridges” (of which this chapter is only one small example),
we can attempt to explain step by step, but gaining progress continuously, more specifically
the reasons behind the consequences of acupuncture.
9.3. The mystery of calcium concentration at acupoints
Employing the proton induced X-ray emission (PIXE) technique, the calcium content at vari‐
ous sites of the connective tissues of the lower limbs of 7 cadavers was measure [60]. The
calcium concentration at a typical known acupoint was reported to be several tens higher
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calcium activity and acupuncture
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Figure 1. Some plausible biomedical consequences of acupuncture. Solid arrows represent deductions supported by
either in vivo or in vitro experiments. Dotted arrows represent proposal/speculation, to be verified. Dotted arrow with
question mark represents open questions. The dotted double-headed arrow joining boxes 7.3. and 9.5 represents a
suggestion that two processes are related. The number in a box refers to the section number in the text where more
details can be found. The basic of these processes are introduced in section 2 and.3.
9.4. The double-edge nature of nitric oxide and Hot/Cool concept in TCM in relation to
the activation of different isoforms of the nitric oxide synthase
One very important function of Ca2+ is its combination with the calcium-calmodulin protein
in the inner cell membrane to activate nitric oxide synthase (NOS) which catalyzes the sub‐
strate L-arginine to produce nitric oxide that can propagate through (lipid) cell membrane
and through intra- and extra-cellular fluid. There are three isoforms of NOS, i.e., endothelial
form eNOS, inducible form iNOS and neuronal form nNOS. The first one is active in endo‐
thelial and other cells to produce NO for (blood, lymph) vessel dilation and is continuously
needed for living. The enzyme iNOS is activated when the immunity system is alarmed and
produces a large amount of NO (with time scale around hours) that combines with superox‐
ide in the mitochondria to form peroxinitrite (ONOO)- which is supposed to be detrimental
to membrane of alien cell. However, over expression of iNOS is very harmful to our body,
playing important roles in various types of pathogenesis [164, 165]. Therefore iNOS inhibi‐
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tor can be used as drug to treat organ transplant rejection [166]. On the other hand, nNOS is
expressed in neuronal cells and catalyzes (L-arginine) to produce NO also to act mainly as
neural transmitter. Thus NO is a double-edge molecule: not enough NO from eNOS would
cause hypertension; too much NO from iNOS would trigger a harmful auto-immune re‐
sponse (rejection of donor organ in case of transplantation); too much NO from nNOS
would cause too much neural transmission, upsetting the nervous system. Too much iNOS
activation may be associated to “Hot” type of disease in immune response; and too much
nNOS activation may be related also to the “Hot” syndrome in nervous system; too much
eNOS may be related to the “Cool” aspect of food causing hypotension, in the nomenclature
of TCM. Whether a specific type of acupuncture modality would specifically enhance one
specific isoform of the stated three enzymes is a challenging question which may or may not
have a specific answer.
9.5. Can acupuncture modulate the routes of carcinogenesis?
Various cell types, including the epithelial cell, embryo fibroblasts, vascular smooth muscle
cells, were cultured on Fn-coated hydrogel-based substrata which mimicked the physiologi‐
cal stiff CT. Starting from the basics of cell cycle analysis, it has been found that tension
transmitted through integrin receptors to the cytoskeleton cooperates with the cyclins to
control the G1 phase of these cells types [167]. In another study, there is evidence that CT
matrix stiffness controls the ability of ectopically expressed cyclin D1 to go through the S
phase entry during breast cancer progression [168]. Moreover, atomic force microscopy and
fluorescence imaging in mice model indicates that comparable enhancement in arterial tis‐
sue stiffness occur at sites of cell proliferation in vivo [167].
On the other hand, TGF-β can regulate a diversity of cellular functions like proliferation,
motility and differentiation with distinct specificity in different cell types. We have noted in
section 8 that Mast cells liberate TGF-β during degranulation (e.g. via acupuncture) and un‐
folding of fibronectin could activate TGF-β which is often in its latent state. In most non‐
transformed epithelial cells, TGF-β induces apoptosis as a mean to avoid tumorigenesis.
However, more rigid substrates in an in vitro study of epithelial cells treated with TGF-β in‐
duced epithelial-mesenchymal transition, leading to cell proliferation instead [169], showing
double-edge nature. During the recent few years, a lot of works, with a few examples stated
above, have been published on the profound influence of the mechanical properties of the
ECM, together with the participation of proteins, cytokines on (organ/adherent) cell fate,
carcinogenesis of tissues [170-173]. In all these studies, the stiffness of the ECM in the micro‐
environment is the major focus of attention. Note that in addition to TGF-β, other growth
factors, like fibroblast growth factors (FGFs), the insulin-like growth factors (IGFs), and the
epidermal growth factor (EGF) are also kept in the ECM of different cells; see discussion in
[146]. Note that each organ is enclosed by a CT network and fibroblasts have abundant Fn in
their ECM. That micro-mechanical stimulation or micro-massage from the action of acu‐
puncture, on the ECM of the relevant cells might interfere the progress of carcinogensis is
not far- fetched. In fact, it has even been shown that the malignant phenotype of parenchym‐
atous cells is reversible by correction of the altered cues of the ECM [174].
Plausible Biomedical Consequences of Acupuncture Applied at Sites Characteristic of Acupoints in the…
http://dx.doi.org/10.5772/53901
115
Figure 1. Some plausible biomedical consequences of acupuncture. Solid arrows represent deductions supported by
either in vivo or in vitro experiments. Dotted arrows represent proposal/speculation, to be verified. Dotted arrow with
question mark represents open questions. The dotted double-headed arrow joining boxes 7.3. and 9.5 represents a
suggestion that two processes are related. The number in a box refers to the section number in the text where more
details can be found. The basic of these processes are introduced in section 2 and.3.
9.4. The double-edge nature of nitric oxide and Hot/Cool concept in TCM in relation to
the activation of different isoforms of the nitric oxide synthase
One very important function of Ca2+ is its combination with the calcium-calmodulin protein
in the inner cell membrane to activate nitric oxide synthase (NOS) which catalyzes the sub‐
strate L-arginine to produce nitric oxide that can propagate through (lipid) cell membrane
and through intra- and extra-cellular fluid. There are three isoforms of NOS, i.e., endothelial
form eNOS, inducible form iNOS and neuronal form nNOS. The first one is active in endo‐
thelial and other cells to produce NO for (blood, lymph) vessel dilation and is continuously
needed for living. The enzyme iNOS is activated when the immunity system is alarmed and
produces a large amount of NO (with time scale around hours) that combines with superox‐
ide in the mitochondria to form peroxinitrite (ONOO)- which is supposed to be detrimental
to membrane of alien cell. However, over expression of iNOS is very harmful to our body,
playing important roles in various types of pathogenesis [164, 165]. Therefore iNOS inhibi‐
Acupuncture in Modern Medicine114
tor can be used as drug to treat organ transplant rejection [166]. On the other hand, nNOS is
expressed in neuronal cells and catalyzes (L-arginine) to produce NO also to act mainly as
neural transmitter. Thus NO is a double-edge molecule: not enough NO from eNOS would
cause hypertension; too much NO from iNOS would trigger a harmful auto-immune re‐
sponse (rejection of donor organ in case of transplantation); too much NO from nNOS
would cause too much neural transmission, upsetting the nervous system. Too much iNOS
activation may be associated to “Hot” type of disease in immune response; and too much
nNOS activation may be related also to the “Hot” syndrome in nervous system; too much
eNOS may be related to the “Cool” aspect of food causing hypotension, in the nomenclature
of TCM. Whether a specific type of acupuncture modality would specifically enhance one
specific isoform of the stated three enzymes is a challenging question which may or may not
have a specific answer.
9.5. Can acupuncture modulate the routes of carcinogenesis?
Various cell types, including the epithelial cell, embryo fibroblasts, vascular smooth muscle
cells, were cultured on Fn-coated hydrogel-based substrata which mimicked the physiologi‐
cal stiff CT. Starting from the basics of cell cycle analysis, it has been found that tension
transmitted through integrin receptors to the cytoskeleton cooperates with the cyclins to
control the G1 phase of these cells types [167]. In another study, there is evidence that CT
matrix stiffness controls the ability of ectopically expressed cyclin D1 to go through the S
phase entry during breast cancer progression [168]. Moreover, atomic force microscopy and
fluorescence imaging in mice model indicates that comparable enhancement in arterial tis‐
sue stiffness occur at sites of cell proliferation in vivo [167].
On the other hand, TGF-β can regulate a diversity of cellular functions like proliferation,
motility and differentiation with distinct specificity in different cell types. We have noted in
section 8 that Mast cells liberate TGF-β during degranulation (e.g. via acupuncture) and un‐
folding of fibronectin could activate TGF-β which is often in its latent state. In most non‐
transformed epithelial cells, TGF-β induces apoptosis as a mean to avoid tumorigenesis.
However, more rigid substrates in an in vitro study of epithelial cells treated with TGF-β in‐
duced epithelial-mesenchymal transition, leading to cell proliferation instead [169], showing
double-edge nature. During the recent few years, a lot of works, with a few examples stated
above, have been published on the profound influence of the mechanical properties of the
ECM, together with the participation of proteins, cytokines on (organ/adherent) cell fate,
carcinogenesis of tissues [170-173]. In all these studies, the stiffness of the ECM in the micro‐
environment is the major focus of attention. Note that in addition to TGF-β, other growth
factors, like fibroblast growth factors (FGFs), the insulin-like growth factors (IGFs), and the
epidermal growth factor (EGF) are also kept in the ECM of different cells; see discussion in
[146]. Note that each organ is enclosed by a CT network and fibroblasts have abundant Fn in
their ECM. That micro-mechanical stimulation or micro-massage from the action of acu‐
puncture, on the ECM of the relevant cells might interfere the progress of carcinogensis is
not far- fetched. In fact, it has even been shown that the malignant phenotype of parenchym‐
atous cells is reversible by correction of the altered cues of the ECM [174].
Plausible Biomedical Consequences of Acupuncture Applied at Sites Characteristic of Acupoints in the…
http://dx.doi.org/10.5772/53901
115
9.6. On “bio-thixotropy”, warm bianstone meridian-massage and moxibustion
For a homogenous substance, thixotropy may be considered as the ability of a semisolid gel
to liquefy when stirred or shaken (or heated) and to return to its semi-hardened state after
the external influence is taken away. Paint is one such homogeneous chemical example.
In the living world, and in the macroscopic scale, there was in vivo evidence of changes in
short-range stiffness of muscles and tendons arising from compression force induced by a force
transducer probe [175]. The result was interpreted as thixotropy property of muscles and CT
building the tendons. There was also clear evidence that respiratory muscles of normal sub‐
jects also showed thixotropy property during respiration cycles [176]. Denaturation of type I
collagen fibrils was reported to be a heat absorbing process accompanied by a change in heat
capacity [177]. The fascia system was invoked also to possess thixotropy property to explain
the beneficial effects of warm-up exercise and body massage [178]. I would remark that in view
of the complicated structure of the CTIF stated above in this chapter, the CTIF is not a homoge‐
nous system, and the “bio-thixotropy” property in the microscopic scale (< microns ) has yet to
be defined and to be analyzed with grater details in the future.
On the other hand, DNA, cell membrane, collagen fibers, even muscles are found to have
properties of liquid crystals [179-181]; they can change phase subjected to change in temper‐
ature (plus other parameters). The “bio-thixotropy” property of living tissues could there‐
fore occur upon change in phase of the living liquid crystals. In short, the collagen fibers in
the CTIF would become more pliable, more liquid-like upon heating, for example, by warm
bianstone massage along the meridians or moxibustion; note that bianstone acupressure was
practiced even before needle acupuncture. Upon cooling, the collagen fibers would have
been “toned”, as a speculation. It is also tempting to speculate that pretreatment with warm
bianstone meridian-massage before needle acupuncture might provide a better platform of
mechanotransduction along the meridian channels in the CTIF system.
9.7. Limitations of this chapter
(a) In this chapter, acupuncture, unless otherwise stated, refers to manual acupuncture only.
Electro-acupuncture is outside the general scope of this chapter. The liquid crystal proper‐
ties of living tissues certainly bring high complexity in electrical and optical communica‐
tions within our bodies and deserve concerted effects of research in the future. (b) A number
of plausible consequences are deduced based on in vitro experiments only here, with some
verified by in vivo animal studies and / or clinical results. In order to expedite the accumula‐
tion of evidence-based knowledge, and progress of acupuncture research, this approach is
inevitably workable according to the author, else we are leaving behind numerous results of
in vitro experiments obtained in biomedical science research alone; these results are in fact
related (though in many cases indirectly) to the consequences of acupuncture at this stage.
(c) Other growth factors, in addition to TGFs are indeed kept in the CTIF system but have
not been discussed here at this moment. Detailed consequences of mast cells degranulation,
cells migration have not been analyzed here. Further review and research are necessary to
bring in these aspects and might contribute further to understand better the consequences of
acupuncture in action.
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10. Conclusion – Acupunture research is important for modern medicine,
east and west
There are ex vivo and in vitro experiments to support the notion that piston-like or rotation
type acupuncture at a typical acupoint activates the CTIF system which forms a mechanical‐
ly well connected communication network. Recent in vitro experimental analysis indicates
that mechanotransduction can be transmitted more efficiently along intra- and inter-muscu‐
lar cleavage planes of the activated CTIF system, where most of the acupoints are found to
be located, supporting the hypothesis [39] that the mechanical signals from acupuncture can
be transmitted to the ECM of other residence cells (like mast cells) as well as ECM of organ/
adherent cells (like cells of blood, lymph vessels, nerves). A large number of plausible bio‐
medical events take place as explained in Sections 4-9; a schematically representation of
some crucial events is presented in the flow chart of Section 9.2. Acupuncture is a micro-in‐
jury or micro-massage, the consequence of which should, in principle, be explained by evi‐
dence-based biomedical science. Therefore building bridges between results of the works
stated in Section 1.2 (B and C) with reference to acupuncture research is important in mod‐
ern medicine, east and west.
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1. Introduction
1.1. Social background and medical needs
Japan is a super-aging society; year after year, the number of persons older than 65 years of
age increases. Because they are frail, elderly persons require treatment methods that best suit
their condition. Traditional medicine, which has been handed down and culled throughout
history, is one such candidate treatment. Until recently in Japan, moxibustion therapy was
provided in most households (Yamaoka, 2001). In recent years, hyperthermia treatment has
spread widely in the field of orthopaedics, rehabilitation, and cancer treatment. Typically,
medical sites require safe, sanitary treatment methods.
1.2. Characteristics and current practice of moxibustion
Moxibustion is widely used in East Asian countries and has long been a common feature of
traditional East Asian medicine (Freire et al., 2005). Moxibustion, which entails the burning of
moxa (mugwort), is a very important traditional treatment method that has been practiced
from ancient times.
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In the clinical practice of moxibustion, different treatment methods—for example, direct
moxibustion wherein the moxa is applied directly to the skin, material-mediated (indirect)
moxibustion wherein a material is placed between the skin and the moxa, and moxibustion
with warming needles (Moxa needle) whereby moxa is applied via needle insertion of the skin
—are selected and applied based on the condition of the patient (Beijing Digital Museum of
TCM, 2012).
In Japan, there are laws regulating the practice of massage, finger pressure, acupuncture,
and moxibustion. At present, there are 85 vocational colleges and 5 universities in Japan
(Ido no nippon Editorial office, 2008) and more than 84,629 licensed moxibustion practition‐
ers. The number of qualified moxibustion practitioners is almost equal to the number of
physicians  in  Japan (Ministry  of  Health,  Labour and Welfare-Japan,  2009).  There  are  71
schools  in  every  prefecture  that  provide  acupuncture  and  moxibustion  training  to  per‐
sons  who  are  visually  impaired.  For  the  visually  impaired,  moxibustion  treatment  is  a
challenging skill to learn because the risk of burn injury to patients exists, even in the case
of general practitioners (Ministry of Education, Culture, Sports, Science and Technology-
Japan,  2006).  Simple  moxibustion kits  can be  purchased by anyone in  Japan at  a  drug‐
store or on the Internet (Sennenq, 2012).
1.3. Scientific research on moxibustion treatment
If, as seems to be the case, moxibustion treatment can be applied in modern medical settings,
then it is possible to anticipate greater treatment efficacy. It has been reported that treating
acupoint ST25, located on both sides of the umbilicus, with moxibustion helps the intestines
become active and improves their function (Tabosa et al., 2004). We have successfully proved
that heating the umbilicus increases the volume of blood flow in the superior mesenteric artery
by using a heat conduction treatment device that we developed (Takayama et al., 2010, 2011;
Seki et al., 2011). Heating the affected area with moxibustion can remedy the condition of acute
lymphangitis. It has also been suggested that moxibustion enhances immune function and is
an effective way to promote the blood flow of an animal’s brain (Shen et al, 2006). However,
there is little research that has quantitatively evaluated moxibustion treatment (Kim et al.,
2011). Thus, it is critical to conduct a scientific evaluation of moxibustion treatment.
1.4. Issues related to moxibustion treatment
1.4.1. Difficulty of temperature control and invasiveness
It is vital to precisely control the temperature in a scientific evaluation of moxibustion
treatment; however, this is quite difficult to do. Moxibustion is invasive because it poses the
risk of a burn injury or leaving a scar on the skin, and women in particular would worry about
the scar left on their skin. It is said that the skin tissue will degenerate and exhibit low-
temperature burns when the temperature exceeds 44°C (Jiang et al., 2002).
It is difficult to ensure safe treatment unless the practitioner has been trained, because the
temperature control depends on the experience of the doctor or practitioners of moxibustion
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in clinical practice. Moreover, patients whose skin has lost the ability to sense temperature are
at risk for easily experiencing a burn injury. There is not only the risk posed by the lack of
temperature control, but there is also the fact that, due to the impossibility of quantitative
temperature control, the optimum temperature for moxibustion treatment and the relationship
between temperature and treatment efficacy of moxibustion treatment have not been suffi‐
ciently debated.
1.4.2. Unsanitary
Moxibustion treatment is difficult to use in the hospital setting because of the copious amount
of fumes emitted, and there was a case in which a patient with asthma experienced an asthma
attack in a hospital because of moxibustion fumes. The use of moxibustion requires adequate
management of the fumes emitted at hospitals where patients with diverse maladies are being
treated.
1.4.3. Procuring equipment and user-friendliness
It is difficult to obtain adequate quality moxa in certain areas. Moreover, practicing moxibus‐
tion treatment on-site at clinics is time- and effort-intensive.
2. Purpose
The purpose of this research was to develop a treatment device that is safe; is capable of
controlling temperature; does not emit fumes; can be substituted for indirect moxibustion,
direct moxibustion, and moxa needle; and thereby evaluate such functions. The purpose of
advanced temperature control is to prevent the risk of burning, provide appropriate treatment
for each patient, contribute to scientific research on moxibustion treatment and achieve high
treatment efficacy as a result.
In this research, we developed a thermo-control device that is capable of controlling temper‐
ature by using heat conduction and radiant heat. We have applied this device to many patients
in clinical practice and have confirmed its treatment efficacy. Typical cases have been described
further.
3. Methods and results
3.1. Device we developed
Our requirements for the device were (1) that it should not emit fumes and (2) be capable of
precise temperature control, preventing the temperature from exceeding a certain level for
safety. We developed three types of devices with heat conduction and one type with radiation
heat (Figure 1).
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Figure 1. List of traditional technic and developed devices.
The following text includes information on device configuration and characteristic perform‐
anc , as well as cas s that are adaptable to basic clinical research and intr ctable cases.
3.2. Heat conduction treatment devices
3.2.1. Heat conduction treatment device: disc shape
We developed the hyperthermia control device using a heating disc with temperature control
to replace the salt-mediated moxibustion (Maruyama et al., 2011).
3.2.1.1. Traditional treatment that can be replaced: indirect moxibustion
Problems
The problems of indirect moxibustion include its heating characteristic and the difficulty of
controlling its temperature, as well as the great amount of fumes it emits. As shown in Figure
2A, it was difficult to control the temperature and the salt-mediated moxibustion emitted a
great amount of fumes. Figure 2B shows the distribution of skin temperature after salt-
mediated moxibustion is removed. This indicates a non-uniform distribution of temperature,
in which the skin temperature at the centre of the area where salt-mediated moxibustion was
applied is high and the skin temperature of the surrounding area is low.
3.2.1.2. Configuration
The heating disc is 100 mm in diameter and made of copper and coated gilding (Figure 3A).
As shown in Figure 3B (disc-shaped configuration drawing), the present device is composed
of a heating disc and a control device. A thermistor is used for measuring the temperature.
The control device is capable of controlling the preset temperature and heating rate. Equipped
with proportional control, this device is able to control the temperature without exceeding the
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has a high thermal conductivity rate, as the material for the heating disc can make the
temperature on the heating surface uniform.
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It is vital to precisely control the temperature in a scientific evaluation of moxibustion treatment; however, this is quite difficult to 
do. Moxibustion is invasive because it poses the risk of a burn injury or leaving a scar on the skin, and women in particular would 
worry about the scar left on their skin. It is said that the skin tissue will degenerate and exhibit low-temperature burns when the 
temperature exceeds 44°C (Jiang et al., 2002). 
It is difficult to ensure safe treatment unless the practitioner has been trained, because the temperature control depends on the 
experience of the doctor or practitioners of moxibustion in clinical practice. Moreover, patients whose skin has lost the ability to 
sense temperature are at risk for easily experiencing a burn injury. There is not only the risk posed by the lack of temperature 
control, but there is also the fact that, due to the impossibility of quantitative temperature control, the optimum temperature for 
moxibustion treatment and the relationship between temperature and treatment efficacy of moxibustion treatment have not been 
sufficiently debated.  
1.4.2. Unsanitary 
Moxibustion treatment is difficult to use in the hospital setting because of the copious amount of fumes emitted, and there was a 
case in which a patient with asthma experienced an asthma attack in a hospital because of moxibustion fumes. The use of 
moxibustion requires adequate management of the fumes emitted at hospitals where patients with diverse maladies are being 
treated. 
1.4.3. Procuring equipment and user-friendliness 
It is difficult to obtain adequate quality moxa in certain areas. Moreover, practicing moxibustion treatment on-site at clinics is time- 
and effort-intensive. 
2. Purpose 
The purpose of this research was to develop a treatment device that is safe; is capable of controlling temperature; does not emit 
fumes; can be substituted for indirect moxibustion, direct moxibustion, and moxa needle; and thereby evaluate such functions. The 
purpose of advanced temperature control is to prevent the risk of burning, provide appropriate treatment for each patient, 
contribute to scientific research on moxibustion treatment and achieve high treatment efficacy as a result. 
In this research, we developed a thermo-control device that is capable of controlling temperature by using heat conduction and 
radiant heat. We have applied this device to many patients in clinical practice and have confirmed its treatment efficacy. Typical 
cases have been described further. 
3. Methods and results 
3.1. Device we developed 
Our requirements for the device were (1) that it should not emit fumes and (2) be capable of precise temperature control, 
preventing the temperature from exceeding a certain level for safety. We developed three types of devices with heat conduction 
and one type with radiation heat (Figure 1). 
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3.2. Heat conduction treatment devices
3.2.1. Heat conduction treatment device: disc shape
We developed the hyperthermia control device using a heating disc with temperature control
to replace the salt-mediated moxibustion (Maruyama et al., 2011).
3.2.1.1. Traditional treatment that can be replaced: indirect moxibustion
Problems
The problems of indirect moxibustion include its heating characteristic and the difficulty of
controlling its temperature, as well as the great amount of fumes it emits. As shown in Figure
2A, it was difficult to control the temperature and the salt-mediated moxibustion emitted a
great amount of fumes. Figure 2B shows the distribution of skin temperature after salt-
mediated moxibustion is removed. This indicates a non-uniform distribution of temperature,
in which the skin temperature at the centre of the area where salt-mediated moxibustion was
applied is high and the skin temperature of the surrounding area is low.
3.2.1.2. Configuration
The heating disc is 100 mm in diameter and made of copper and coated gilding (Figure 3A).
As shown in Figure 3B (disc-shaped configuration drawing), the present device is composed
of a heating disc and a control device. A thermistor is used for measuring the temperature.
The control device is capable of controlling the preset temperature and heating rate. Equipped
with proportional control, this device is able to control the temperature without exceeding the
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has a high thermal conductivity rate, as the material for the heating disc can make the
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On/off control is used to control the preset temperature and heating rate. Heat is produced by
applying a certain voltage to an electrical resistance, while the temperature is controlled by
switching the heater power source on/off. Adjusting proportional gain (Kp) and using the on/
off switch enables the controller to raise the temperature to the preset temperature within 0.1°C
units. By changing the interval for on/off, it is possible to adjust the heating rate.
Figure 4 shows the formula of proportional control to determine the average of heat quantity.
T0 indicates the preset temperature.
Figure 4. The formula of proportional control.
Heating rate and achieving temperature
Figure 5A shows that when the four heating rates raised the temperature to the preset
temperature of 42°C, all of the rates successfully raised the temperature without exceeding the
preset temperature and stayed at the determinate temperature.
Distribution of the temperature on the heating disc
Figure 5B indicates the six temperature measurement points on the heating disc. Figure 5C
shows the temperature change at each measuring point after application of heat in thermally
insulating condition and indicates that the temperature at all six points changed in a nearly
uniform manner.
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Temperature distribution on the skin 
The distribution of skin temperature after being heated by the heat conduction treatment device on the abdomen is shown in 
Figure 6A. Temperature was measured using an infrared imaging device (manufactured by NEC Avio Infrared Technologies Co., 
Ltd., TVS-500). The temperatures within a 10-cm diameter heated by the disc were nearly consistent, which clearly shows the 
difference between the temperature distribution of the disc and the temperature distribution of the salt-mediated moxibustion, as 
seen in Figure 2B. Figure 6B is a thermography image of the same areas. 
Also, the heating disc is made light enough so that patients feel comfortable when the disc is placed on their abdomens. 
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3.2.2. Heat conduction treatment device: disc shape (portable type) 
We developed the disc-shaped contact-type heating controller in a portable format so patients can easily apply it at home and to 
enlarge the range of applications of the device. Evaluations were then conducted. 
3.2.2.1. Traditional treatment that can be replaced: indirect (material-mediated) moxibustion 
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Temperature distribution on the skin
The distribution of skin temperature after being heated by the heat conduction treatment
device on the abdomen is shown in Figure 6A. Temperature was measured using an infrared
imaging device (manufactured by NEC Avio Infrared Technologies Co., Ltd., TVS-500). The
temperatures within a 10-cm diameter heated by the disc were nearly consistent, which clearly
shows the difference between the temperature distribution of the disc and the temperature
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phy image of the same areas.
Also, the heating disc is made light enough so that patients feel comfortable when the disc is
placed on their abdomens.
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3.2.2. Heat conduction treatment device: disc shape (portable type)
We developed the disc-shaped contact-type heating controller in a portable format so patients
can easily apply it at home and to enlarge the range of applications of the device. Evaluations
were then conduct d.
3.2.2.1. Traditional treatment that can be replaced: indirect (material-mediated) moxibustion
Problem
Indirect moxibustion cannot be applied while the patient is moving or unless placed on a level
surface. Thus, such a treatment lacks portability.
3.2.2.2. Configuration
Unlike the first device, this device can be used while the patient is moving; thus, its usability
has a wider range. This device is portable and enables easy, high-level, safe thermal treatment
at home at a low cost. Figure 7A depicts the exterior of the device, and Figure 7B shows the
configuration of the device.
3.2.2.3. Performance
The temperature control circuit uses lithium-ion batteries (NP-120 × 2) and is rechargeable. It
takes three to four hours to charge the batteries, and the battery duration provides about 20
minutes of use per charge.
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The thermistor is used to detect the temperature, and after amplifying the temperature signal
by error amplification and amplification, the heater attached to the aluminium plate is run
through the constant current circuit of Power MOSFET. It heats up quickly at a low temperature
through the rapid heating circuit and controls the temperature at approximately the pre-set
temperature. The temperature can be set between 41°C and 45°C, within 1°C units. The
thermostat is used to protect the aluminium plate from overheating.
Heating characteristics
It can achieve the targeted temperature and the temperature distribution on the skin. Figure
8A shows the change in temperature after putting the heater into contact with the skin after
about 20 minutes when the heater heats up to near body temperature, under the following
conditions: pre-set temperature of 42°C, surrounding temperature of 21.4°C, and humidity of
66.7%. This indicates that when the heater made contact with the skin, the temperature
decreased slightly but quickly recovered and maintained a constant temperature. The highest
temperature achieved was 42.4°C, with a temperature difference of only 0.2°C between the
centre and the periphery.
Research has confirmed that the preset temperature can be maintained at other pre-set
temperatures (data not shown). Figure 8B shows the time change after removing the device
and the change of skin temperature distribution after the device heated the skin. This indicates
that the heated surface maintained a nearly uniform temperature after heating. Figure 8C, 8D
shows an image and picture of thermography of the abdominal area after it was heated by the
same device. The thermography also confirmed that the treated part was uniformly heated.
As a result, this device is deemed to be capable of having the same hyperthermic effect as the
stationary type.
Safety
The duration time is limited to prevent overheating in the patient. Once the treatment is
finished using the device, it can no longer be used unless it is charged again. By limiting the
function in this way, human errors, such as patients excessively heating their skin, can thus be
prevented.
Problem 
Indirect moxibustion cannot be applied while the patient is moving or unless placed on a level surface. Thus, such a treatment lacks 
portability. 
3.2.2.2. Configuration 
Unlike the first device, this device can be used while the patient is moving; thus, its usability has a wider range. This device is 
portable and enables easy, high-level, safe thermal treatment at home at a low cost. Figure 7A depicts the exterior of the device, and 
Figure 7B shows the configuration of the device. 
 
Figure 7.  (a) A picture of the portable disc. (b) The configuration drawing of the portable disc. 
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amplification, the heater attached to the aluminium plate is run through the constant current circuit of Power MOSFET. It heats up 
quickly at a low temperature through the rapid heating circuit and controls the temperature at approximately the pre-set 
temperature. The temperature can be set between 41°C and 45°C, within 1°C units. The thermostat is used to protect the aluminium 
plate fro  overheating. 
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It can achieve the targeted temperature and the temperature distribution on the skin. Figure 8A shows the change in temperature 
after putting the heater into contact with the skin after about 20 minutes when the heater heats up to near body temperature, under 
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3.2.3. Heat conductive treatment device: pencil shape
3.2.3.1. Traditional treatment that can be replaced: direct moxibustion
Problem
Direct moxibustion requires more experienced clinical practice than material-mediated
moxibustion to be safe and effective. Also, the moxa used in direct moxibustion must be smaller
and easier to harden than the moxa used in indirect moxibustion. Figure 9 is a picture of direct
moxibustion.
3.2.3.2. Configuration
The configuration of the pencil shape is the same as the disc shape, and the heating part is
made of copper and coated with gilding. The heating part, which makes contact with the skin,
can be replaced with different sizes. Figure 10 shows the configuration and a picture of the
pencil-shaped device.
 
Figure 8.  (a) Change in temperature of the portable heating disc over time. (b) Time change of temperature distribution around the abdominal area 
after heating. (c)(d) Image and picture of heat around the abdominal area after it was heated. 
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conditions: pre-set temperature of 42°C, surrounding temperature of 21.4°C, and humidity of
66.7%. This indicates that when the heater made contact with the skin, the temperature
decreased slightly but quickly recovered and maintained a constant temperature. The highest
temperature achieved was 42.4°C, with a temperature difference of only 0.2°C between the
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Research has confirmed that the preset temperature can be maintained at other pre-set
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that the heated surface maintained a nearly uniform temperature after heating. Figure 8C, 8D
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The configuration of the pencil shape is the same as the disc shape, and the heating part is
made of copper and coated with gilding. The heating part, which makes contact with the skin,
can be replaced with different sizes. Figure 10 shows the configuration and a picture of the
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Figure 10. a) A picture of the pencil-shaped device. (b) The configuration drawing of the pencil-shaped device.
3.2.3.3. Performance
The pencil-shaped device has the same control as the disc-shape device.
3.3. The radiation heating treatment device
We developed this radiation heating treatment device to replace Moxa needle. This device is
able to control the temperature to prevent the risk of burn injury and also distributes a
consistent temperature over the applied area of the body (Maruyama et al., 2012).
3.3.1. Traditional treatment that can be replaced: Moxa needle
Problem
Moxa needle is shown in Figure 11A. It is difficult to control the temperature. The only way
to prevent the temperature from becoming too high is to remove the moxa burning at the top
of the needle or to block the radiating heat by placing a piece of paper between the skin and
the moxa. Moxa needles are inserted into the patient’s body, followed by moxa on the needles,
which is then ignited. Therefore, if the patient moves his or her body during treatment and the
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burning moxa falls on the skin, the patient may experience a burn injury. The risk of burning
moxa falling onto the skin occurs when the temperature is being adjusted.
As shown in Figure 11B, a 3-mm-thick silicon rubber membrane with a thermal conductivity
of 0.23 W/(m K) is adhered to an 8-mm-thick copper plate. The rubber has an emissivity of (ε)
0.95, which is close to the emissivity of the human body. We used ethanol to prevent air bubbles
from forming within the bond between the rubber and the copper plate. We monitored the
rubber membrane surface temperature Tupper using infrared thermography (TVS-500, manu‐
factured by Nippon Avionics Corporation). At the time, the temperature of the copper plate
was maintained at 37.0°C in the thermostat bath. We ensured that the lower surface of the
rubber membrane made complete contact with the copper plate and that the temperature
Tlower was 37.0°C, i.e., equivalent to the temperature of the copper plate. We stuck an acupunc‐
ture needle into the rubber membrane and burned the moxa laced on the needle.
Figure 11C shows the distribution of temperature caused by kyutoshin heating of the rubber
membrane surface. The figure indicates the temperature distribution when the temperature is
at its highest (20 seconds after igniting the moxa) during the burning of the moxa. This graph
depicts a certain line on the horizontal axis, which delineates an image taken with an infrared
thermograph. This indicates that the temperature at the centre had reached the level that causes
burn injuries, while at the same the temperature of the surrounding area remained low.
Figure 10.  (a) A picture of the pencil-shaped device. (b) The configuration drawing of the pencil-shaped device. 
3.2.3.3. Performance 
The pencil-shaped device has the same control as the disc-shape device. 
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between the skin and the moxa. Moxa needles are inserted into the patient’s body, followed by moxa on the needles, which is then 
ignited. Therefore, if the patient moves his or h r body during treatment and the burning moxa falls on the skin, the patient may 
experience a burn injury. The risk of burning moxa falling onto the skin occurs when the temperature is being adjusted. 
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Figure 11. (a) Moxa meedle. (b) Measuring the heating characteristics of moxa needle. (c) Temperature distribution of the rubber membrane heated 
by moxa needle. 
3.3.2. Configuration 
We used a halogen lamp with a rated power of 75 W (J12V75W-AXS, manufactured by Mitsubishi Electric Osram), available on the 
market, as the light source. However, we controlled the radiation intensity by using the power supply device adjustably with a 
power load lower than the rated power. We used a remodelled Maglite 4-Cell D Flashlight (manufactured by Mag Instrument, Inc.) 
as the reflection mirror. The reflection mirror is a parabolic mirror, which makes it possible to emit near-parallel light by adjusting 
the light source to the focal point position of the parabolic mirror. A fan (ICFAN E232190, RED(+), 0410N-12, DC12V, 0.09A 
manufactured by SHCOH Engineering) attached to the upper side prevents the reflecting mirror from overheating.  
Because parallel light can be radiated through fine adjustment of the lighting source position with respect to the reflecting mirror, 
the temperature can be increased uniformly over the region radiated by the light. Figure 12 shows the exterior and the detailed 
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The heating part, which makes contact with the skin, can be replaced with different sizes. Figure 10 shows the configuration and a 
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burning moxa falls on the skin, the patient may experience a burn injury. The risk of burning
moxa falling onto the skin occurs when the temperature is being adjusted.
As shown in Figure 11B, a 3-mm-thick silicon rubber membrane with a thermal conductivity
of 0.23 W/(m K) is adhered to an 8-mm-thick copper plate. The rubber has an emissivity of (ε)
0.95, which is close to the emissivity of the human body. We used ethanol to prevent air bubbles
from forming within the bond between the rubber and the copper plate. We monitored the
rubber membrane surface temperature Tupper using infrared thermography (TVS-500, manu‐
factured by Nippon Avionics Corporation). At the time, the temperature of the copper plate
was maintained at 37.0°C in the thermostat bath. We ensured that the lower surface of the
rubber membrane made complete contact with the copper plate and that the temperature
Tlower was 37.0°C, i.e., equivalent to the temperature of the copper plate. We stuck an acupunc‐
ture needle into the rubber membrane and burned the moxa laced on the needle.
Figure 11C shows the distribution of temperature caused by kyutoshin heating of the rubber
membrane surface. The figure indicates the temperature distribution when the temperature is
at its highest (20 seconds after igniting the moxa) during the burning of the moxa. This graph
depicts a certain line on the horizontal axis, which delineates an image taken with an infrared
thermograph. This indicates that the temperature at the centre had reached the level that causes
burn injuries, while at the same the temperature of the surrounding area remained low.
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Figure 11. a) Moxa meedle. (b) Measuring the heating characteristics of moxa needle. (c) Temperature distribution of
the rubber membrane heated by moxa needle.
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manufactured by SHCOH Engineering) attached to the upper side prevents the reflecting
mirror from overheating.
Because parallel light can be radiated through fine adjustment of the lighting source position
with respect to the reflecting mirror, the temperature can be increased uniformly over the
region radiated by the light. Figure 12 shows the exterior and the detailed interior of the
radiation heating device developed in this research.
 
Figure 12. (a) Detail of components in radiation heater. (b) The configuration drawing of the radiation heater. (c) Photograph of the radiation heater. 
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Advanced control of heat transfer amount 
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radiation heating device for multiple pplied voltage values using the Fouri r Transfor
Infrared Spectrophotometer: TTIR (FTIR-8600PC, manufactured by Shimadzu Corporation).
The horizontal axis is displayed with the logarithmic axis in the figure. In addition, for
comparison, the theoretical value of the ideal black body spectrum at 1,500 K is also stated.
The radiation heating device showed a characteristic emission that peaks at about 2 μm, which
is within the infrared range. This shows the wavelength range that influences the heating effect
from the radiation heating device. Based on this, it is thought that radiation penetrates the skin
to a certain degree.
Temperature distribution of the rubber membrane from radiation heating
We evaluated the radiation heating device we developed with the same device used to measure
the radiating heat of moxa needle moxibustion and conducted multiple measurements by
altering the voltage applied to the radiation heating device (Figure 13B).
Figure 13C shows the temperature distribution at the point where the temperature remains
steady (about 10–15 minutes after heating). On the other hand, the temperature caused by the
radiation heating device did not increase in an absolutely uniform manner. However, the range
indicating the maximum temperature is nearly uniform. Figure 13D shows the temperature
distribution of the rubber membrane using infrared thermography. This shows heat applica‐
tion at near uniformity of temperature.
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Figure 13. a) Spectral radiative intensity of the radiation heater considering absorption matters. (b) Schematic dia‐
gram of the experiment for temperature distribution measurement. (c) Temperature distribution on the surface of the
rubber sheet heated by the radiation heater. (d) Thermograph of the rubber sheet heated by the radiation heater.
Advanced control of heat transfer amount
Figure 14A sh ws the results calculated for multiple applied voltages of the amount of heat
transfer from the radiation heating device. The graph is generally linear except for some minor
variability. The amount of heat transfer from the radiation heating device can be calculated by
the following formula when the approximate curve is determined by plotting the least squares
approximation:
Qheater = 0.155 Qinput, wherein
Qinput [W] is the applied voltage, and the determination coefficient R2 value is 0.9812.
It is possible to estimate the relationship between the amount of heat transfer and the temper‐
ature of the skin at the time of hyperthermia treatment by using this formula.
This finding indicates that it is possible to control the amount of heat transfer by controlling
the voltage applied to the radiation heating device. We thus anticipate a precise temperature
control within the treated region, which will prevent the risk of burn injury.
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It is possible to estimate the relationship between the amount of heat transfer and the temper‐
ature of the skin at the time of hyperthermia treatment by using this formula.
This finding indicates that it is possible to control the amount of heat transfer by controlling
the voltage applied to the radiation heating device. We thus anticipate a precise temperature
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High-Tech Equipment for Moxibustion in Modern Medicine
http://dx.doi.org/10.5772/53802
147
Uniform temperature distribution on the skin
Figure 14B shows an image, taken by infrared thermography, of the abdomen of a subject
heated by a radiation heater. It was also confirmed that the temperature distribution over the
subject’s body with the radiation heater was uniform.
The amount of heat transfer and the temperature of the skin
We radiated the subjects with light using the radiation heater and monitored skin temperature
using infrared thermography. The abdomen of the subject, lying flat on his back on a bed, was
heated by a radiation heater from a distance of 200 mm above. We repeated the experiment
multiple times with varied voltages applied to the radiation heater. Further, we conducted the
experiments in a temperature-controlled room equipped with air conditioning to maintain the
same conditions as much as possible. When applying heat to the human body, it is reported
to take approximately 20 minutes for the heat to reach to a stable level (Maruyama et al.,
2011; Okajima et al., 2009; Incropera, et al., 2007). In this experiment, we used infrared
thermography to monitor the temperature on the surface of the skin and continued the
experiment until we observed a stable state with almost no changes in temperature. Hereafter,
we deemed temperatures found in this stable state to be post-experiment skin temperature.
The temperature indicates the peak value from the temperature distribution. The subjects
included five healthy men in their 20s (mean (SD); age: 23 (2) years old; height: 171.4 (2.6) cm;
weight: 64.2 (5.1) kg).
Figure 14C is a graph showing the correlation between the heat transfer rate and the subject’s
skin temperature. As indicated, even after heat has been applied through an identical quantity
of heat transfer, the increase in skin temperature varies among different individuals. This
suggests that the amount of bioheat varies among individuals. The increase in skin tempera‐
ture varies between individuals if the body is heated with an equal amount of heat transfer.
For example, the difference in the skin temperature among individuals with a heat transfer
amount of 1.1 W from the radiation heater varies approximately between 40°C and 43°C.
3.4. Clinical studies
3.4.1. Basic research
3.4.1.1. Variability of temporal and spatial comfort temperature at the time of treatment with a disc-
shape heater
Figure 15 shows the relationship between the optimal heating temperature and number of
treatments for one subject. Focusing on the distribution of optimal heating temperature, we
detected different values each time for each treatment. This finding appears to depend on the
subject’s surrounding environment, health condition, and mood at the time treatment is
received. This particular patient showed a maximum difference of 5°C, which indicates a
significant influence.
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3.4.1.2. Individual difference in comfortable temperature at time of treatment with disc-shape heater
This device, which is able to precisely control the temperature, enabled us to detect the
temperature at which a patient feels comfortable, as shown in Figure 16. Each individual has
a different level of comfortable temperature that can even vary for the same subject. Figure
16 shows the results from an experiment conducted on 13 subjects.
3.4.1.3. The relationship between patient age and optimal heating temperature with the disc-shaped
device
We measured the most comfortable temperature by applying the disc on the umbilical region
of 39 healthy subjects. Figure 17 shows the ages of the subjects and the distribution of the
temperature, at which they felt most comfortable. We applied the least squares method for
evaluation. This graph indicates that elderly people felt most comfortable at higher tempera‐
Qinput [W] is the applied voltage, and the determination coefficient R2 value is 0.9812. 
It is possible to estimate the relationship between the amount of heat transfer and the temperature of the skin at the time of 
hyperthermia treatment by using this formula. 
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Figure 14. (a) Correlation between the radiative heat conduction rate emitted by the radiation heater and input electric power. (b) Thermography 
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tures. It is possible that an elderly person’s sense of temperature is blunted, suggesting that
they have a higher risk of incurring burn injury at the time of moxibustion treatment.
3.4.2. Case reports
3.4.2.1. Case of a patient who was unable to eat due to long-term vomiting after cord blood stem cell
transplantation for treatment of adult T-cell leukaemia: A disc-shaped heat transfer device was used
effectively as treatment
A 49-year-old Japanese woman (height of 150 cm and weight of 54 kg) was referred to our
clinic because of difficulty eating. She could not eat any food because she would vomit as she
ate, and she felt nauseous just looking at food. She had cacogeusia (bad taste not related to
Figure 15. Statistical results of optimal heating temperature of one patient.
Figure 16. Body mass index (BMI) and the optimal heating temperature
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ingestion of various substances) and reported symptoms of fatigue, insomnia, finger tremor,
and algia at the lower extremities. Medical history: She had an automobile accident 5 years
ago. Family history: Father had stomach cancer; her mother had lumbar spondylolisthesis.
Social history: She had worked at a supermarket; currently, she is a stay-at-home wife.
Clinical history: The patient received a cord blood stem cell transplant with a pre-treatment of
total body irradiation, cytosine arabinoside, and cyclophosphamide on Day -157, due to
chemotherapy resistance against adult T-cell leukaemia onset two years ago but had a rejection
response. She received a second cord blood stem cell transplant with pre-treatment of
fludarabine and melphalan on Day -115. Her state was regarded as remission and she was
referred to our clinic from the Department of Hematology and Immunology, Tohoku Univer‐
sity Hospital, because complications such as nausea and lack of appetite, which are common
after transplantation, did not improve easily.
Internal medicine: The patient was treated with one tablet of tacrolimus hydrate 2.0 mg twice
daily, one tablet of omeprazole 20 mg once daily, two tablets of Baktar® (sulfamethoxazole
400 mg, trimethoprim 80 mg) twice daily, Scopolamine butylbromide, Ethyl loflazepate, and
Flunitrazepam. Medication adherence: None. Drug allergy: None. Findings of physical
examination: left-sided upper abdominal tenderness and a cold lower abdomen. (In Kampo
medicine, great attention is paid to the findings of the abdominal examination when deter‐
mining treatment. If the patient had a cold problem, we would choose a heating treatment
such herbal medicine and moxibustion.)
Course of treatment: We started the treatment by heating the umbilicus with the disc-shaped
heat transfer treatment device on Day 1. At the time the patient started treatment, she was not
able to take anything orally. On Day 8, she was able to eat 30% of the food provided by our
hospital. She could eat 50% of the food 24 days after the start of treatment, and she could eat
more than 80% of the food on the 29th day. After that, she could maintain eating 50–70% of
the food.
Figure 17. Correlation between subjects’ age and comfortable temperature.
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transplantation for treatment of adult T-cell leukaemia: A disc-shaped heat transfer device was used
effectively as treatment
A 49-year-old Japanese woman (height of 150 cm and weight of 54 kg) was referred to our
clinic because of difficulty eating. She could not eat any food because she would vomit as she
ate, and she felt nauseous just looking at food. She had cacogeusia (bad taste not related to
Figure 15. Statistical results of optimal heating temperature of one patient.
Figure 16. Body mass index (BMI) and the optimal heating temperature
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ingestion of various substances) and reported symptoms of fatigue, insomnia, finger tremor,
and algia at the lower extremities. Medical history: She had an automobile accident 5 years
ago. Family history: Father had stomach cancer; her mother had lumbar spondylolisthesis.
Social history: She had worked at a supermarket; currently, she is a stay-at-home wife.
Clinical history: The patient received a cord blood stem cell transplant with a pre-treatment of
total body irradiation, cytosine arabinoside, and cyclophosphamide on Day -157, due to
chemotherapy resistance against adult T-cell leukaemia onset two years ago but had a rejection
response. She received a second cord blood stem cell transplant with pre-treatment of
fludarabine and melphalan on Day -115. Her state was regarded as remission and she was
referred to our clinic from the Department of Hematology and Immunology, Tohoku Univer‐
sity Hospital, because complications such as nausea and lack of appetite, which are common
after transplantation, did not improve easily.
Internal medicine: The patient was treated with one tablet of tacrolimus hydrate 2.0 mg twice
daily, one tablet of omeprazole 20 mg once daily, two tablets of Baktar® (sulfamethoxazole
400 mg, trimethoprim 80 mg) twice daily, Scopolamine butylbromide, Ethyl loflazepate, and
Flunitrazepam. Medication adherence: None. Drug allergy: None. Findings of physical
examination: left-sided upper abdominal tenderness and a cold lower abdomen. (In Kampo
medicine, great attention is paid to the findings of the abdominal examination when deter‐
mining treatment. If the patient had a cold problem, we would choose a heating treatment
such herbal medicine and moxibustion.)
Course of treatment: We started the treatment by heating the umbilicus with the disc-shaped
heat transfer treatment device on Day 1. At the time the patient started treatment, she was not
able to take anything orally. On Day 8, she was able to eat 30% of the food provided by our
hospital. She could eat 50% of the food 24 days after the start of treatment, and she could eat
more than 80% of the food on the 29th day. After that, she could maintain eating 50–70% of
the food.
Figure 17. Correlation between subjects’ age and comfortable temperature.
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Conclusion: The patient underwent heating treatment delivered by the disc-shaped heat
transfer treatment device to her navel to treat her eating difficulty after cord blood stem cell
transplantation. The patient’s prolonged eating difficulty was improved.
3.4.2.1. Case of a patient who was unable to eat due to long-term vomiting after cord blood stem 
cell transplantation for treatment of adult T-cell leukaemia: A disc-shaped heat transfer device 
was used effectively as treatment 
A 49-year-old Japanese woman (height of 150 cm and weight of 54 kg) was referred to our clinic because of difficulty eating. She 
could not eat any food because she would vomit as she ate, and she felt nauseous just looking at food. She had cacogeusia (bad 
taste not related to ingestion of various substances) and reported symptoms of fatigue, insomnia, finger tremor, and algia at the 
lower extremities. Medical history: She had an automobile accident 5 years ago. Family history: Father had stomach cancer; her 
mother had lumbar spondylolisthesis. Social history: She had worked at a supermarket; currently, she is a stay-at-home wife. 
Clinical history: The patient received a cord blood stem cell transplant with a pre-treatment of total body irradiation, cytosine 
arabinoside, and cyclophosphamide on Day -157, due to chemotherapy resistance against adult T-cell leukaemia onset two years 
ago but had a rejection response. She received a second cord blood stem cell transplant with pre-treatment of fludarabine and 
melphalan on Day -115. Her state was regarded as remission and she was referred to our clinic from the Department of 
Hematology and Immunology, Tohoku University Hospital, because complications such as nausea and lack of appetite, which are 
common after transplantation, did not improve easily. 
Internal medicine: The patient was treated with one tablet of tacrolimus hydrate 2.0 mg twice daily, one tablet of omeprazole 20 mg 
once daily, two tablets of Baktar® (sulfamethoxazole 400 mg, trimethoprim 80 mg) twice daily, Scopolamine butylbromide, Ethyl 
loflazepate, and Flunitrazepam. Medication adherence: None. Drug allergy: None. Findings of physical examination: left-sided 
upper abdominal tenderness and a cold lower abdomen. (In Kampo medicine, great attention is paid to the findings of the 
abdominal examination when determining treatment. If the patient had a cold problem, we would choose a heating treatment such 
herbal medicine and moxibustion.)  
Course of treatment: We started the treatment by heating the umbilicus with the disc-shaped heat transfer treatment device on Day 
1. At the time the patient started treatment, she was not able to take anything orally. On Day 8, she was able to eat 30% of the food 
provided by our hospital. She could eat 50% of the food 24 days after the start of treatment, and she could eat more than 80% of the 
food on the 29th day. After that, she could maintain eating 50–70% of the food. 
Conclusion: The patient underwent heating treatment delivered by the disc-shaped heat transfer treatment device to her navel to 
treat her eating difficulty after cord blood stem cell transplantation. The patient’s prolonged eating difficulty was improved. 
 
Figure 18.Course of treatment. Percent change of quantity of diet. 
3.4.2.2. Case of a patient with refractory melosalgia following an allogeneic bone marrow 
transplant after extirpation of a granulocytic sarcoma of the lumbosacral spinal cord 
A 27-year-old Japanese woman (height of 161 cm, weight of 54 kg) who had been bedridden for some time, started experiencing 
pain in her right hip through the lower thigh after starting to walk again. She was referred to our clinic due to the intractable nature 
of her condition. The pain was relieved when heated and worsened before it rained. Also, she contracted a rash on her face when 
she was physically fatigued or psychologically stressed. Medical history: She underwent surgery for strabismus at the age of 5 and 
surgery for appendicitis at Sendai Medical Centre when she was in sixth grade. She became easily tired after giving birth to a child 
three years ago. Family history: unremarkable. Social history: She was previously employed as a corporate worker. 
Clinical history: Two years ago, she had been tired because she had to take her child to various hospitals for a cold. She used 
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Figure 18. Course of treatment. Percent change of quantity of diet.
3.4.2.2. Case of a patient with refractory melosalgia following an allogeneic bone marrow transplant
after extirpation of a granulocytic sarcoma of the lumbosacral spinal cord
A 27-year-old Japanese woman (height of 161 cm, weight of 54 kg) who had been bedridden
for some time, started experi ncing pain in her r ght hip through the lower thigh after starting
to walk again. She was referred to our clinic due to the intractable nature of her condition. The
pain was relieved when heated and worsened before it rained. Also, she contracted a rash on
her face when she was physically fatigued or psychologically stressed. Medical history: She
underwent surgery for strabismus at the ag  of 5 and sur ery for appendicitis at Sendai
Medical Centre when she was in sixth grade. She became easily tired after giving birth to a
child three years ago. Family history: unremarkable. Social history: She was previously
employed as a corporate worker.
Clinical history: Two years ago, she had been tired because she had to take her child to various
hospitals for a cold. She used massaging tools because she felt numbness in her leg, but she
had extreme pain on her left sacrum. She received a nerve block at an orthopaedic clinic, but
later she experienced problems with menstrual bleeding that was difficult to stop. Last year,
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magnetic resonance imaging showed a tumour and the patient underwent a tumourectomy at
Konan Hospital. Granulocytic sarcoma and acute myeloid leukaemia were diagnosed based
on a biopsy for vertebral canal tumor. The patient had a partial response after a course of
remission induction and nearly a complete response after receiving a high dose of Cytarabine.
However, her prognosis was poor, which led to a bone marrow transplant from her sister with
matching HLA. Pre-treatment included 12 Gy total body irradiation and 120 mg/kg Cyclo‐
phosphamide hydrate. She showed good progress after the transplant, maintained symptom
relief, and completed treatment with immune suppressive medication without developing
chronic graft-versus-host disease. However, she incurred prolonged pain in the back and
buttocks as well as pain and numbness in the back of the thigh after the tumourectomy that
interfered with her daily life if she did not take medication for pain relief. She used nonsteroidal
anti-inflammatory drugs (NSAIDs) as analgesics. She was not diagnosed with sciatica, and her
symptoms were assumed to be associated with the surgery on the lumbosacral spine. At the
time, she was 27 years old and too young to be treated with NSAIDs on a long-term basis.
Thus, she was referred to our clinic.
Internal medicine: Baktar® (Day -1), Etodolac 3–1 times/day, Loxoprofen sodium hydrate,
Sodium azulenesulfonate. External medication: Hot compress (Nippo Pharmaceutical
Industries Ltd.; phellodendron bark, red pepper, menthol, camphor, methyl salicylic acid).
Medication adherence: None. Drug allergy: None. Dietary history: She likes fruit. Findings on
physical examination: MRI scan did not reveal the cause of the pain.
Course of treatment: We initiated heat transfer treatment using the disc-shaped device on Day
1 (first visit). The treatment was conducted by maintaining the temperature of the device
between 43°C and 44°C and applied the heat on her right gluteal area and acupoint GV4 (vital
point on the back) for 25–40 minutes each time. We evaluated the intensity of the pain by the
dose of Etodolac (oral medication) and using a verbal numeric rating scale (NRS) of 0–10
(Farrar et al., 2008). The pain was relieved after the treatment. However, one hour later, there
was a gradual recurrence of the pain. On Day 15 (second visit), the dose of Etodolac 200 mg
was decreased from 3 tablets/day on the first visit to 2 tablets/day, and we thereafter detected
an alleviation of pain. After Day 16, only one tablet was administered each day; moreover, the
frequency of the administration was reduced from every day to less than once every 2 days
from the 10th day to the 23rd day. The NRS showed a gradual decrease in pain to 3/10 or 0/10
on Day 39 (10th visit).
Conclusion: We applied heat transfer treatment using the disc-shaped device primarily on the
site of pain to treat intractable pain after surgery, which resulted in improvement of the
symptom of prolonged pain.
3.4.2.3. A case of patient with intractable stomach pain due to ulceration of the colon caused by Behcet’s
disease: the portable disc-shaped heat transfer treatment device was used effectively for treatment
A 39-year-old Japanese woman (height of 158 cm, weight of 43 kg) was referred to our clinic
because of a stomach ache. She constantly experienced stomach pain, which became most
intense during the night. Her symptoms included nausea, fatigue, poor circulation in her leg,
stiff shoulder, headache, eye pain, and frequent throat pain. Medical history: Unremarkable.
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Conclusion: The patient underwent heating treatment delivered by the disc-shaped heat
transfer treatment device to her navel to treat her eating difficulty after cord blood stem cell
transplantation. The patient’s prolonged eating difficulty was improved.
3.4.2.1. Case of a patient who was unable to eat due to long-term vomiting after cord blood stem 
cell transplantation for treatment of adult T-cell leukaemia: A disc-shaped heat transfer device 
was used effectively as treatment 
A 49-year-old Japanese woman (height of 150 cm and weight of 54 kg) was referred to our clinic because of difficulty eating. She 
could not eat any food because she would vomit as she ate, and she felt nauseous just looking at food. She had cacogeusia (bad 
taste not related to ingestion of various substances) and reported symptoms of fatigue, insomnia, finger tremor, and algia at the 
lower extremities. Medical history: She had an automobile accident 5 years ago. Family history: Father had stomach cancer; her 
mother had lumbar spondylolisthesis. Social history: She had worked at a supermarket; currently, she is a stay-at-home wife. 
Clinical history: The patient received a cord blood stem cell transplant with a pre-treatment of total body irradiation, cytosine 
arabinoside, and cyclophosphamide on Day -157, due to chemotherapy resistance against adult T-cell leukaemia onset two years 
ago but had a rejection response. She received a second cord blood stem cell transplant with pre-treatment of fludarabine and 
melphalan on Day -115. Her state was regarded as remission and she was referred to our clinic from the Department of 
Hematology and Immunology, Tohoku University Hospital, because complications such as nausea and lack of appetite, which are 
common after transplantation, did not improve easily. 
Internal medicine: The patient was treated with one tablet of tacrolimus hydrate 2.0 mg twice daily, one tablet of omeprazole 20 mg 
once daily, two tablets of Baktar® (sulfamethoxazole 400 mg, trimethoprim 80 mg) twice daily, Scopolamine butylbromide, Ethyl 
loflazepate, and Flunitrazepam. Medication adherence: None. Drug allergy: None. Findings of physical examination: left-sided 
upper abdominal tenderness and a cold lower abdomen. (In Kampo medicine, great attention is paid to the findings of the 
abdominal examination when determining treatment. If the patient had a cold problem, we would choose a heating treatment such 
herbal medicine and moxibustion.)  
Course of treatment: We started the treatment by heating the umbilicus with the disc-shaped heat transfer treatment device on Day 
1. At the time the patient started treatment, she was not able to take anything orally. On Day 8, she was able to eat 30% of the food 
provided by our hospital. She could eat 50% of the food 24 days after the start of treatment, and she could eat more than 80% of the 
food on the 29th day. After that, she could maintain eating 50–70% of the food. 
Conclusion: The patient underwent heating treatment delivered by the disc-shaped heat transfer treatment device to her navel to 
treat her eating difficulty after cord blood stem cell transplantation. The patient’s prolonged eating difficulty was improved. 
 
Figure 18.Course of treatment. Percent change of quantity of diet. 
3.4.2.2. Case of a patient with refractory melosalgia following an allogeneic bone marrow 
transplant after extirpation of a granulocytic sarcoma of the lumbosacral spinal cord 
A 27-year-old Japanese woman (height of 161 cm, weight of 54 kg) who had been bedridden for some time, started experiencing 
pain in her right hip through the lower thigh after starting to walk again. She was referred to our clinic due to the intractable nature 
of her condition. The pain was relieved when heated and worsened before it rained. Also, she contracted a rash on her face when 
she was physically fatigued or psychologically stressed. Medical history: She underwent surgery for strabismus at the age of 5 and 
surgery for appendicitis at Sendai Medical Centre when she was in sixth grade. She became easily tired after giving birth to a child 
three years ago. Family history: unremarkable. Social history: She was previously employed as a corporate worker. 
Clinical history: Two years ago, she had been tired because she had to take her child to various hospitals for a cold. She used 
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Figure 18. Course of treatment. Percent change of quantity of diet.
3.4.2.2. Case of a patient with refractory melosalgia following an allogeneic bone marrow transplant
after extirpation of a granulocytic sarcoma of the lumbosacral spinal cord
A 27-year-old Japanese woman (height of 161 cm, weight of 54 kg) who had been bedridden
for some time, started experi ncing pain in her r ght hip through the lower thigh after starting
to walk again. She was referred to our clinic due to the intractable nature of her condition. The
pain was relieved when heated and worsened before it rained. Also, she contracted a rash on
her face when she was physically fatigued or psychologically stressed. Medical history: She
underwent surgery for strabismus at the ag  of 5 and sur ery for appendicitis at Sendai
Medical Centre when she was in sixth grade. She became easily tired after giving birth to a
child three years ago. Family history: unremarkable. Social history: She was previously
employed as a corporate worker.
Clinical history: Two years ago, she had been tired because she had to take her child to various
hospitals for a cold. She used massaging tools because she felt numbness in her leg, but she
had extreme pain on her left sacrum. She received a nerve block at an orthopaedic clinic, but
later she experienced problems with menstrual bleeding that was difficult to stop. Last year,
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magnetic resonance imaging showed a tumour and the patient underwent a tumourectomy at
Konan Hospital. Granulocytic sarcoma and acute myeloid leukaemia were diagnosed based
on a biopsy for vertebral canal tumor. The patient had a partial response after a course of
remission induction and nearly a complete response after receiving a high dose of Cytarabine.
However, her prognosis was poor, which led to a bone marrow transplant from her sister with
matching HLA. Pre-treatment included 12 Gy total body irradiation and 120 mg/kg Cyclo‐
phosphamide hydrate. She showed good progress after the transplant, maintained symptom
relief, and completed treatment with immune suppressive medication without developing
chronic graft-versus-host disease. However, she incurred prolonged pain in the back and
buttocks as well as pain and numbness in the back of the thigh after the tumourectomy that
interfered with her daily life if she did not take medication for pain relief. She used nonsteroidal
anti-inflammatory drugs (NSAIDs) as analgesics. She was not diagnosed with sciatica, and her
symptoms were assumed to be associated with the surgery on the lumbosacral spine. At the
time, she was 27 years old and too young to be treated with NSAIDs on a long-term basis.
Thus, she was referred to our clinic.
Internal medicine: Baktar® (Day -1), Etodolac 3–1 times/day, Loxoprofen sodium hydrate,
Sodium azulenesulfonate. External medication: Hot compress (Nippo Pharmaceutical
Industries Ltd.; phellodendron bark, red pepper, menthol, camphor, methyl salicylic acid).
Medication adherence: None. Drug allergy: None. Dietary history: She likes fruit. Findings on
physical examination: MRI scan did not reveal the cause of the pain.
Course of treatment: We initiated heat transfer treatment using the disc-shaped device on Day
1 (first visit). The treatment was conducted by maintaining the temperature of the device
between 43°C and 44°C and applied the heat on her right gluteal area and acupoint GV4 (vital
point on the back) for 25–40 minutes each time. We evaluated the intensity of the pain by the
dose of Etodolac (oral medication) and using a verbal numeric rating scale (NRS) of 0–10
(Farrar et al., 2008). The pain was relieved after the treatment. However, one hour later, there
was a gradual recurrence of the pain. On Day 15 (second visit), the dose of Etodolac 200 mg
was decreased from 3 tablets/day on the first visit to 2 tablets/day, and we thereafter detected
an alleviation of pain. After Day 16, only one tablet was administered each day; moreover, the
frequency of the administration was reduced from every day to less than once every 2 days
from the 10th day to the 23rd day. The NRS showed a gradual decrease in pain to 3/10 or 0/10
on Day 39 (10th visit).
Conclusion: We applied heat transfer treatment using the disc-shaped device primarily on the
site of pain to treat intractable pain after surgery, which resulted in improvement of the
symptom of prolonged pain.
3.4.2.3. A case of patient with intractable stomach pain due to ulceration of the colon caused by Behcet’s
disease: the portable disc-shaped heat transfer treatment device was used effectively for treatment
A 39-year-old Japanese woman (height of 158 cm, weight of 43 kg) was referred to our clinic
because of a stomach ache. She constantly experienced stomach pain, which became most
intense during the night. Her symptoms included nausea, fatigue, poor circulation in her leg,
stiff shoulder, headache, eye pain, and frequent throat pain. Medical history: Unremarkable.
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Family history: Mother had chronic pancreatitis. Social history: She worked in an office
between the ages of 30 and 35, and then became a housewife.
Clinical history: She had stomatitis since she was a child and started having it frequently
around the age of 30 years. She was hospitalized due to suspected appendicitis two years ago.
She was diagnosed with ulcerative colitis caused by Behcet’s disease last year.
Administered medication: Rebamipide 100mg, Miya-BM fine granules 1 g, Mesalazine 250mg,
Corticosteroid 9 mg/day since five months ago, and Imuran 50 since ten months ago. Medi‐
cation adherence: None. Drug allergy: She had a history of an allergic reaction to an analgesic
medication at the age of 23 years, when her upper lip became itchy and swollen (except when
taking Bufferin®). Dietary history: She likes sweets. Findings on physical examination:
Pressure pain in the lower stomach.
Course of treatment: This patient was referred to our clinic. Because her pain became more
intense on Day 1, we started treatment by affixing portable disc-shaped heater to the patient’s
lower abdomen with a corset 1–3 times per day for 30 minutes each time. The pain was reduced
after 13 days of treatment, showing that the treatment was effective, and the treatment was
discontinued.
Conclusion: This patient’s prolonged pain was alleviated by treatment using the portable disc-
shaped heat transfer device on the lower abdomen for intractable pain due to ulceration of the
colon.
orthopaedic clinic, but later she experienced problems with menstrual bleeding that was difficult to stop. Last year, magnetic 
resonance imaging showed a tumour and the patient underwent a tumourectomy at Konan Hospital. Granulocytic sarcoma and 
acute myeloid leukaemia were diagnosed based on a biopsy for vertebral canal tumor. The patient had a partial response after a 
course of remission induction and nearly a complete response after receiving a high dose of Cytarabine. However, her prognosis 
was poor, which led to a bone marrow transplant from her sister with matching HLA. Pre-treatment included 12 Gy total body 
irradiation and 120 mg/kg Cyclophosphamide hydrate. She showed good progress after the transplant, maintained symptom relief, 
and completed treatment with immune suppressive medication without developing chronic graft-versus-host disease. However, 
she incurred prolonged pain in the back and buttocks as well as pain and numbness in the back of the thigh after the 
tumourectomy that interfered with her daily life if she did not take medication for pain relief. She used nonsteroidal anti-
inflammatory drugs (NSAIDs) as analgesics. She was not diagnosed with sciatica, and her symptoms were assumed to be 
associated with the surgery on the lumbosacral spine. At the time, she was 27 years old and too young to be treated with NSAIDs 
on a long-term basis. Thus, she was referred to our clinic. 
Internal medicine: Baktar® (Day -1), Etodolac 3–1 times/day, Loxoprofen sodium hydrate, Sodium azulenesulfonate. External 
medication: Hot compress (Nippo Pharmaceutical Industries Ltd.; phellodendron bark, red pepper, menthol, camphor, methyl 
salicylic acid). Medication adherence: None. Drug allergy: None. Dietary history: She likes fruit. Findings on physical examination: 
MRI scan did not reveal the cause of the pain. 
Course of treatment: We initiated heat transfer treatment using the disc-shaped device on Day 1 (first visit). The treatment was 
conducted by maintaining the temperature of the device between 43°C and 44°C and applied the heat on her right gluteal area and 
acupoint GV4 (vital point on the back) for 25–40 minutes each time. We evaluated the intensity of the pain by the dose of Etodolac 
(oral medication) and using a verbal numeric rating scale (NRS) of 0–10 (Farrar et al., 2008). The pain was relieved after the 
treatment. However, one hour later, there was a gradual recurrence of the pain. On Day 15 (second visit), the dose of Etodolac 200 
mg was decreased from 3 tablets/day on the first visit to 2 tablets/day, and we thereafter detected an alleviation of pain. After Day 
16, only one tablet was administered each day; moreover, the frequency of the administration was reduced from every day to less 
than once every 2 days from the 10th day to the 23rd day. The NRS showed a gradual decrease in pain to 3/10 or 0/10 on Day 39 (10th 
visit). 
Conclusion: We applied heat transfer treatment using the disc-shaped device primarily on the site of pain to treat intractable pain 
after surgery, which resulted in improvement of the symptom of prolonged pain. 
 
Figure 19. .Course of treatment. Change of pain and dose of Etodolac. 
3.4.2.3. A case of patient with intractable stomach pain due to ulceration of the colon caused by 
Behcet’s disease: the portable disc-shaped heat transfer treatment device was used effectively 
for treat ent 
A 39-year-old Japanese woman (height of 158 cm, weight of 43 kg) was referred to our clinic because of a stomach ache. She 
constantly experienced stomach pain, which became most intense during the night. Her symptoms included nausea, fatigue, poor 
circula ion i  her leg, stiff shoulder, headach , ye pain, and frequent throat pain. Medical history: Unremarkable. Family history: 
Mother had chronic pancreatitis. Social history: She worked in an office between the ages of 30 and 35, and then became a 
housewife.  
Clinical history: She had stomatitis since she was a child and started having it frequently around the age of 30 years. She was 









































































) Number of tablets of 





Figure 19. Course of treatment. Change of pain and dose of Etodolac.
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Administered medication: Rebamipide 100mg, Miya-BM fine granules 1 g, Mesalazine 250mg, Corticosteroid 9 mg/day since five 
months ago, and Imuran 50 since ten months ago. Medication adherence: None. Drug allergy: She had a history of an allergic 
reaction to an analgesic medication at the age of 23 years, when her upper lip became itchy and swollen (except when taking 
Bufferin®). Dietary history: She likes sweets. Findings on physical examination: Pressure pain in the lower stomach. 
Course of treatment: This patient was referred to our clinic. Because her pain became more intense on Day 1, we started treatment 
by affixing portable disc-shaped heater to the patient’s lower abdomen with a corset 1–3 times per day for 30 minutes each time. 
The pain was reduced after 13 days of treatment, showing that the treatment was effective, and the treatment was discontinued.  
Conclusion: Th s patient’s prolonged pain was lleviated by treatment using the portable disc-shaped heat transfer device on the 
lower abdomen for intractable pain due to ulceration of the colon. 
 
Figure 20.Course of treatment. Change of pain and the number of heater treatment in a day. 
3.4.2.4. A case of a patient with cervical and occipital pain after surgery for an extradural cyst 
tumour in the thoracic vertebra region: Use of the pencil-shaped heater was an effective form of 
treatment. 
A 57-year-old Japanese woman (height of 156 cm, weight of 56 kg) was referred to our clinic because of pain in her right shoulder 
blade and heaviness in the neck. Her symptoms included headache, shoulder stiffness, dizziness, and weight loss from loss of 
appetite and tongue soreness. Medical history: Whiplash injury three times in a year eleven years ago. Family history: Her husband 
is diabetic. Social history: She had been working as a university staff member since she was 18 years old. 
Internal medication: Betahistine mesilate, Zolpidem tartrate (prescribed for difficulty sleeping due to pain in the interior shoulder 
blade), Neurotropin® (An extract from cutaneous tissue of rabbit inoculated with vaccinia virus), Famotidine, Eperisone 
hydrochloride, Diclofenac sodium capsules 37.5 mg and Bifidobacterium. External medication: Diclofenac sodium suppositories. 
Health food: She also consumed Barley Young Leaves Green Juice. Medication adherence: None. Drug allergy: None. Dietary 
history: Unremarkable. Findings on physical examination: Postoperative cicatrix inside the left shoulder blade and on the right 
shoulder blade. 
Clinical history: Postoperative cicatrix of the right shoulder blade, which was exacerbated by coldness after surgery four months 
ago. From two months ago, the patient experienced heaviness of the neck, headache, shoulder stiffness, and dizziness. And she 
visited our clinic. 
Course of treatment: The pain during the first visit was rated as 8-10 on the numeric rating scale (NRS), and the patient started 
general acupuncture and moxibustion treatment. She started treatment using the pencil-shaped device on the algesic region, and 
the pain appeared to be alleviated (Day 1). The pain (NRS) was 8-6 before heater treatment on Day 35. Pain reduction was detected 
after every treatments. On Day 48, she received treatment with the pencil-shaped device, which helped to alleviate the pain to a 
rating of 1-6. 
Conclusion: The patient received treatment using a pencil-shaped heat transfer device on the algesic region for postoperative 
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Figure 20. Course of treatment. Change of pain and the number of heater treatment in a day.
3.4.2.4. A case of a patient with cervical and occipital pain after surgery for an extradural cyst tumour
in the thoracic vertebra region: Use of the pencil-shaped heater was an effective form of treatment.
A 57-year-old Japanese woman (height of 156 cm, weight of 56 kg) was referred to our clinic
because of pain in her right shoulder blade and heaviness in the neck. Her symptom  included
he dache, shoulder stiffness, dizzines , and weight loss from loss of appetite and tongue
soreness. Medical history: Whiplash injury three times in a year eleven years ago. Family
history: Her husband is diabetic. Social history: She had been working as a university staff
member since she was 18 years old.
Internal medication: Betahistine mesilate, Zolpidem tartrate (prescribed for difficulty sleeping
due to pain in the interior shoulder blade), Neurotropin® (An extract from cutaneous tissue
of rabbit noculated with vaccinia virus), Famoti ine, Eperisone hydrochloride, Diclofenac
sodium capsules 37.5 mg and Bifidobacterium. External medication: Diclofenac sodium
suppositories. Health food: She also consumed Barley Young Leaves Green Juice. Medication
adherence: None. Drug allergy: None. Dietary history: Unremarkable. Findings on physical
examination: Postoperative cicatrix inside the left shoulder blade and on the right shoulder
blade.
Clinical history: Postoperative cicatrix of the right shoulder blade, which was exacerbated by
coldness after surgery four months ago. From two months ago, the patient experienced
heaviness of the neck, headache, shoulder stiffness, and dizziness. And she visited our clinic.
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Family history: Mother had chronic pancreatitis. Social history: She worked in an office
between the ages of 30 and 35, and then became a housewife.
Clinical history: She had stomatitis since she was a child and started having it frequently
around the age of 30 years. She was hospitalized due to suspected appendicitis two years ago.
She was diagnosed with ulcerative colitis caused by Behcet’s disease last year.
Administered medication: Rebamipide 100mg, Miya-BM fine granules 1 g, Mesalazine 250mg,
Corticosteroid 9 mg/day since five months ago, and Imuran 50 since ten months ago. Medi‐
cation adherence: None. Drug allergy: She had a history of an allergic reaction to an analgesic
medication at the age of 23 years, when her upper lip became itchy and swollen (except when
taking Bufferin®). Dietary history: She likes sweets. Findings on physical examination:
Pressure pain in the lower stomach.
Course of treatment: This patient was referred to our clinic. Because her pain became more
intense on Day 1, we started treatment by affixing portable disc-shaped heater to the patient’s
lower abdomen with a corset 1–3 times per day for 30 minutes each time. The pain was reduced
after 13 days of treatment, showing that the treatment was effective, and the treatment was
discontinued.
Conclusion: This patient’s prolonged pain was alleviated by treatment using the portable disc-
shaped heat transfer device on the lower abdomen for intractable pain due to ulceration of the
colon.
orthopaedic clinic, but later she experienced problems with menstrual bleeding that was difficult to stop. Last year, magnetic 
resonance imaging showed a tumour and the patient underwent a tumourectomy at Konan Hospital. Granulocytic sarcoma and 
acute myeloid leukaemia were diagnosed based on a biopsy for vertebral canal tumor. The patient had a partial response after a 
course of remission induction and nearly a complete response after receiving a high dose of Cytarabine. However, her prognosis 
was poor, which led to a bone marrow transplant from her sister with matching HLA. Pre-treatment included 12 Gy total body 
irradiation and 120 mg/kg Cyclophosphamide hydrate. She showed good progress after the transplant, maintained symptom relief, 
and completed treatment with immune suppressive medication without developing chronic graft-versus-host disease. However, 
she incurred prolonged pain in the back and buttocks as well as pain and numbness in the back of the thigh after the 
tumourectomy that interfered with her daily life if she did not take medication for pain relief. She used nonsteroidal anti-
inflammatory drugs (NSAIDs) as analgesics. She was not diagnosed with sciatica, and her symptoms were assumed to be 
associated with the surgery on the lumbosacral spine. At the time, she was 27 years old and too young to be treated with NSAIDs 
on a long-term basis. Thus, she was referred to our clinic. 
Internal medicine: Baktar® (Day -1), Etodolac 3–1 times/day, Loxoprofen sodium hydrate, Sodium azulenesulfonate. External 
medication: Hot compress (Nippo Pharmaceutical Industries Ltd.; phellodendron bark, red pepper, menthol, camphor, methyl 
salicylic acid). Medication adherence: None. Drug allergy: None. Dietary history: She likes fruit. Findings on physical examination: 
MRI scan did not reveal the cause of the pain. 
Course of treatment: We initiated heat transfer treatment using the disc-shaped device on Day 1 (first visit). The treatment was 
conducted by maintaining the temperature of the device between 43°C and 44°C and applied the heat on her right gluteal area and 
acupoint GV4 (vital point on the back) for 25–40 minutes each time. We evaluated the intensity of the pain by the dose of Etodolac 
(oral medication) and using a verbal numeric rating scale (NRS) of 0–10 (Farrar et al., 2008). The pain was relieved after the 
treatment. However, one hour later, there was a gradual recurrence of the pain. On Day 15 (second visit), the dose of Etodolac 200 
mg was decreased from 3 tablets/day on the first visit to 2 tablets/day, and we thereafter detected an alleviation of pain. After Day 
16, only one tablet was administered each day; moreover, the frequency of the administration was reduced from every day to less 
than once every 2 days from the 10th day to the 23rd day. The NRS showed a gradual decrease in pain to 3/10 or 0/10 on Day 39 (10th 
visit). 
Conclusion: We applied heat transfer treatment using the disc-shaped device primarily on the site of pain to treat intractable pain 
after surgery, which resulted in improvement of the symptom of prolonged pain. 
 
Figure 19. .Course of treatment. Change of pain and dose of Etodolac. 
3.4.2.3. A case of patient with intractable stomach pain due to ulceration of the colon caused by 
Behcet’s disease: the portable disc-shaped heat transfer treatment device was used effectively 
for treat ent 
A 39-year-old Japanese woman (height of 158 cm, weight of 43 kg) was referred to our clinic because of a stomach ache. She 
constantly experienced stomach pain, which became most intense during the night. Her symptoms included nausea, fatigue, poor 
circula ion i  her leg, stiff shoulder, headach , ye pain, and frequent throat pain. Medical history: Unremarkable. Family history: 
Mother had chronic pancreatitis. Social history: She worked in an office between the ages of 30 and 35, and then became a 
housewife.  
Clinical history: She had stomatitis since she was a child and started having it frequently around the age of 30 years. She was 
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Figure 19. Course of treatment. Change of pain and dose of Etodolac.
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Administered medication: Rebamipide 100mg, Miya-BM fine granules 1 g, Mesalazine 250mg, Corticosteroid 9 mg/day since five 
months ago, and Imuran 50 since ten months ago. Medication adherence: None. Drug allergy: She had a history of an allergic 
reaction to an analgesic medication at the age of 23 years, when her upper lip became itchy and swollen (except when taking 
Bufferin®). Dietary history: She likes sweets. Findings on physical examination: Pressure pain in the lower stomach. 
Course of treatment: This patient was referred to our clinic. Because her pain became more intense on Day 1, we started treatment 
by affixing portable disc-shaped heater to the patient’s lower abdomen with a corset 1–3 times per day for 30 minutes each time. 
The pain was reduced after 13 days of treatment, showing that the treatment was effective, and the treatment was discontinued.  
Conclusion: Th s patient’s prolonged pain was lleviated by treatment using the portable disc-shaped heat transfer device on the 
lower abdomen for intractable pain due to ulceration of the colon. 
 
Figure 20.Course of treatment. Change of pain and the number of heater treatment in a day. 
3.4.2.4. A case of a patient with cervical and occipital pain after surgery for an extradural cyst 
tumour in the thoracic vertebra region: Use of the pencil-shaped heater was an effective form of 
treatment. 
A 57-year-old Japanese woman (height of 156 cm, weight of 56 kg) was referred to our clinic because of pain in her right shoulder 
blade and heaviness in the neck. Her symptoms included headache, shoulder stiffness, dizziness, and weight loss from loss of 
appetite and tongue soreness. Medical history: Whiplash injury three times in a year eleven years ago. Family history: Her husband 
is diabetic. Social history: She had been working as a university staff member since she was 18 years old. 
Internal medication: Betahistine mesilate, Zolpidem tartrate (prescribed for difficulty sleeping due to pain in the interior shoulder 
blade), Neurotropin® (An extract from cutaneous tissue of rabbit inoculated with vaccinia virus), Famotidine, Eperisone 
hydrochloride, Diclofenac sodium capsules 37.5 mg and Bifidobacterium. External medication: Diclofenac sodium suppositories. 
Health food: She also consumed Barley Young Leaves Green Juice. Medication adherence: None. Drug allergy: None. Dietary 
history: Unremarkable. Findings on physical examination: Postoperative cicatrix inside the left shoulder blade and on the right 
shoulder blade. 
Clinical history: Postoperative cicatrix of the right shoulder blade, which was exacerbated by coldness after surgery four months 
ago. From two months ago, the patient experienced heaviness of the neck, headache, shoulder stiffness, and dizziness. And she 
visited our clinic. 
Course of treatment: The pain during the first visit was rated as 8-10 on the numeric rating scale (NRS), and the patient started 
general acupuncture and moxibustion treatment. She started treatment using the pencil-shaped device on the algesic region, and 
the pain appeared to be alleviated (Day 1). The pain (NRS) was 8-6 before heater treatment on Day 35. Pain reduction was detected 
after every treatments. On Day 48, she received treatment with the pencil-shaped device, which helped to alleviate the pain to a 
rating of 1-6. 
Conclusion: The patient received treatment using a pencil-shaped heat transfer device on the algesic region for postoperative 
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Figure 20. Course of treatment. Change of pain and the number of heater treatment in a day.
3.4.2.4. A case of a patient with cervical and occipital pain after surgery for an extradural cyst tumour
in the thoracic vertebra region: Use of the pencil-shaped heater was an effective form of treatment.
A 57-year-old Japanese woman (height of 156 cm, weight of 56 kg) was referred to our clinic
because of pain in her right shoulder blade and heaviness in the neck. Her symptom  included
he dache, shoulder stiffness, dizzines , and weight loss from loss of appetite and tongue
soreness. Medical history: Whiplash injury three times in a year eleven years ago. Family
history: Her husband is diabetic. Social history: She had been working as a university staff
member since she was 18 years old.
Internal medication: Betahistine mesilate, Zolpidem tartrate (prescribed for difficulty sleeping
due to pain in the interior shoulder blade), Neurotropin® (An extract from cutaneous tissue
of rabbit noculated with vaccinia virus), Famoti ine, Eperisone hydrochloride, Diclofenac
sodium capsules 37.5 mg and Bifidobacterium. External medication: Diclofenac sodium
suppositories. Health food: She also consumed Barley Young Leaves Green Juice. Medication
adherence: None. Drug allergy: None. Dietary history: Unremarkable. Findings on physical
examination: Postoperative cicatrix inside the left shoulder blade and on the right shoulder
blade.
Clinical history: Postoperative cicatrix of the right shoulder blade, which was exacerbated by
coldness after surgery four months ago. From two months ago, the patient experienced
heaviness of the neck, headache, shoulder stiffness, and dizziness. And she visited our clinic.
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Course of treatment: The pain during the first visit was rated as 8-10 on the numeric rating
scale (NRS), and the patient started general acupuncture and moxibustion treatment. She
started treatment using the pencil-shaped device on the algesic region, and the pain appeared
to be alleviated (Day 1). The pain (NRS) was 8-6 before heater treatment on Day 35. Pain
reduction was detected after every treatments. On Day 48, she received treatment with the
pencil-shaped device, which helped to alleviate the pain to a rating of 1-6.
Conclusion: The patient received treatment using a pencil-shaped heat transfer device on the
algesic region for postoperative intractable pain, and her protracted pain was alleviated.
 
Figure 21.Course of treatment. Change of pain. T: heater treatment. 
3.4.3. Adverse events 
No adverse events were confirmed in any of the research or medical cases.  
4. Discussion 
4.1. The merits of the device 
There were many comments by patients that the disc-shaped device in particular was very comfortable (data not shown). The heat 
transfer treatment device has certain features that distinguishes it from other medical devices, including patient comfort level, the 
capability of heating a certain area at a certain temperature, and a precise temperature controller. This device does not emit any 
fumes and prevents the risk of burn injury. 
The portable disc-shaped device possesses the same merits as the stationary disc-shaped device; further, attaching the device with 
a belt enables it to heat the femoral region, buttocks, and dorsal region even when it is not in a horizontal position, which enables 
the patient to receive treatment without interfering in his or her daily life. It heats the local area easily and is safe and easy for 
general users to handle. A smaller-sized version is now in development. 
The pencil-shaped device is capable of heating a specific small area using precise temperature control. It can safely heat any part of 
the body as long as the heater can reach it. Moreover, it can be immediately moved so as to make contact with the skin or can be 
removed from contact with the skin so that a stimulus similar to direct moxibustion can be achieved. Having a small area of contact 
with the skin enables application of different temperature stimuli to each region based on the condition of the stimulus region 
(sensitivity to temperature, intensity of pain). It is also capable of changing the temperature of the contact condition and making 
instantaneous contact with the skin under certain temperature conditions. Because it is unnecessary to use moxa or ignite it, this 
makes it possible to stimulate many affected areas (such acupuncture points) consecutively. As a result, it is possible to not only 
shorten the time for treatment but also alleviate the burden for both patients and practitioners. 
The radiation heating treatment device can heat at certain temperatures without making any contact, which keeps the risk of burn 
injury at a minimum. This device was developed for the purpose of radiation-based treatment of the body without direct contact 
with or heating of the skin. Because this device is capable of treating the patient without making contact with the skin, the device 
can be applied to other regions of the body that are difficult to reach during and immediately after surgery.  
4.2. Study limitations 
This research involved only a limited number of subjects. 
4.3. Future studies 
We have shown that there are individual differences in the relationship between the amount of heat transfer of the radiation 
heating device and the temperature on the surface of the skin. Due consideration must be given to fluctuations of time in different 
individuals and individual differences of tissue heat. As a result, it is necessary to clarify in greater detail the mechanism of heat 
phenomena in tissue, such as metabolic response to tissue organization of heat transfer and heat stimulation of blood circulation 
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Figure 21. Course of treatment. Change of pain. T: heater treatment.
3.4.3. Adverse events
No adverse events were confirmed i  any of the research or medical cases.
4. Discussion
4.1. The merits of the device
There were many comments by patients that the disc-shaped device in particular was very
comfortable (data not shown). The heat transfer treatment device has certain features that
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distinguishes it from other medical devices, including patient comfort level, the capability of
heating a certain area at a certain temperature, and a precise temperature controller. This
device does not emit any fumes and prevents the risk of burn injury.
The portable disc-shaped device possesses the same merits as the stationary disc-shaped
device; further, attaching the device with a belt enables it to heat the femoral region, buttocks,
and dorsal region even when it is not in a horizontal position, which enables the patient to
receive treatment without interfering in his or her daily life. It heats the local area easily and
is safe and easy for general users to handle. A smaller-sized version is now in development.
The pencil-shaped device is capable of heating a specific small area using precise temperature
control. It can safely heat any part of the body as long as the heater can reach it. Moreover, it
can be immediately moved so as to make contact with the skin or can be removed from contact
with the skin so that a stimulus similar to direct moxibustion can be achieved. Having a small
area of contact with the skin enables application of different temperature stimuli to each region
based on the condition of the stimulus region (sensitivity to temperature, intensity of pain). It
is also capable of changing the temperature of the contact condition and making instantaneous
contact with the skin under certain temperature conditions. Because it is unnecessary to use
moxa or ignite it, this makes it possible to stimulate many affected areas (such acupuncture
points) consecutively. As a result, it is possible to not only shorten the time for treatment but
also alleviate the burden for both patients and practitioners.
The radiation heating treatment device can heat at certain temperatures without making any
contact, which keeps the risk of burn injury at a minimum. This device was developed for the
purpose of radiation-based treatment of the body without direct contact with or heating of the
skin. Because this device is capable of treating the patient without making contact with the
skin, the device can be applied to other regions of the body that are difficult to reach during
and immediately after surgery.
4.2. Study limitations
This research involved only a limited number of subjects.
4.3. Future studies
We have shown that there are individual differences in the relationship between the amount
of heat transfer of the radiation heating device and the temperature on the surface of the skin.
Due consideration must be given to fluctuations of time in different individuals and individual
differences of tissue heat. As a result, it is necessary to clarify in greater detail the mechanism
of heat phenomena in tissue, such as metabolic response to tissue organization of heat transfer
and heat stimulation of blood circulation within tissue. However, such individual differences
are possible ground-breaking indicators capable of measuring individual health conditions,
which makes it necessary to advance research related to the condition of the human body.
Although the difference in temperature (as sensed by a patient) between the acupuncture point
and the meridian is said to be tied to the diagnosis, it is possible to quantitatively measure this
with the pencil-shaped device.
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Course of treatment: The pain during the first visit was rated as 8-10 on the numeric rating
scale (NRS), and the patient started general acupuncture and moxibustion treatment. She
started treatment using the pencil-shaped device on the algesic region, and the pain appeared
to be alleviated (Day 1). The pain (NRS) was 8-6 before heater treatment on Day 35. Pain
reduction was detected after every treatments. On Day 48, she received treatment with the
pencil-shaped device, which helped to alleviate the pain to a rating of 1-6.
Conclusion: The patient received treatment using a pencil-shaped heat transfer device on the
algesic region for postoperative intractable pain, and her protracted pain was alleviated.
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3.4.3. Adverse events
No adverse events were confirmed i  any of the research or medical cases.
4. Discussion
4.1. The merits of the device
There were many comments by patients that the disc-shaped device in particular was very
comfortable (data not shown). The heat transfer treatment device has certain features that
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distinguishes it from other medical devices, including patient comfort level, the capability of
heating a certain area at a certain temperature, and a precise temperature controller. This
device does not emit any fumes and prevents the risk of burn injury.
The portable disc-shaped device possesses the same merits as the stationary disc-shaped
device; further, attaching the device with a belt enables it to heat the femoral region, buttocks,
and dorsal region even when it is not in a horizontal position, which enables the patient to
receive treatment without interfering in his or her daily life. It heats the local area easily and
is safe and easy for general users to handle. A smaller-sized version is now in development.
The pencil-shaped device is capable of heating a specific small area using precise temperature
control. It can safely heat any part of the body as long as the heater can reach it. Moreover, it
can be immediately moved so as to make contact with the skin or can be removed from contact
with the skin so that a stimulus similar to direct moxibustion can be achieved. Having a small
area of contact with the skin enables application of different temperature stimuli to each region
based on the condition of the stimulus region (sensitivity to temperature, intensity of pain). It
is also capable of changing the temperature of the contact condition and making instantaneous
contact with the skin under certain temperature conditions. Because it is unnecessary to use
moxa or ignite it, this makes it possible to stimulate many affected areas (such acupuncture
points) consecutively. As a result, it is possible to not only shorten the time for treatment but
also alleviate the burden for both patients and practitioners.
The radiation heating treatment device can heat at certain temperatures without making any
contact, which keeps the risk of burn injury at a minimum. This device was developed for the
purpose of radiation-based treatment of the body without direct contact with or heating of the
skin. Because this device is capable of treating the patient without making contact with the
skin, the device can be applied to other regions of the body that are difficult to reach during
and immediately after surgery.
4.2. Study limitations
This research involved only a limited number of subjects.
4.3. Future studies
We have shown that there are individual differences in the relationship between the amount
of heat transfer of the radiation heating device and the temperature on the surface of the skin.
Due consideration must be given to fluctuations of time in different individuals and individual
differences of tissue heat. As a result, it is necessary to clarify in greater detail the mechanism
of heat phenomena in tissue, such as metabolic response to tissue organization of heat transfer
and heat stimulation of blood circulation within tissue. However, such individual differences
are possible ground-breaking indicators capable of measuring individual health conditions,
which makes it necessary to advance research related to the condition of the human body.
Although the difference in temperature (as sensed by a patient) between the acupuncture point
and the meridian is said to be tied to the diagnosis, it is possible to quantitatively measure this
with the pencil-shaped device.
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In the future, we will take steps to increase the number of subjects and conduct comparative
experiments.
We are in midst of further studies to identify ways to further reduce the size and weight of the
portable disc-shaped version of the contact-type heating controller.
5. Conclusion
5.1. Safety and sanitariness
The temperature distribution in moxibustion therapy is high in the centre regions. Accord‐
ingly, if no appropriate measures are taken, burn injury is a clear likelihood. We have devel‐
oped a therapeutic device capable of replacing moxibustion therapy that produces no fumes,
is non-invasive, is safe, and avoids burn injuries.
5.2. Effectiveness and indication
The device has proven to be effective for the treatment of protracted pain and digestive system
symptoms in some cases, and it has demonstrated identical effectiveness to older techniques.
We have developed heat conduction treatment devices and radiation heating device capable
of controlling temperature with a high degree of precision. Such a device makes it possible to
achieve a level of effectiveness on par with moxibustion treatment as currently practiced and
is capable of evaluating hyperthermia therapy quantitatively. They make it possible to
undertake a scientific study of moxibustion.
5.3. Convenience
The device does not require trained skill to use, which means that many more patients can be
treated because it is easier to administer than moxibustion treatment.
5.4. Characteristics of the devices
These devices make it possible to set the optimal temperature of acupuncture points for each
individual patient, which promises to maximally improve the effectiveness of moxibustion
without incident of burn injury.
It also optimizes stimulation of each acupoint or area for each individual by allowing precise
control of the amount of stimulation possible, which results in the possibility of greater
treatment efficacy.
Furthermore, this device advances scientific research of moxibustion therapy, thanks to the
ability to quantify the amount of stimulation.
Because this device is capable of temperature regulation, we were able to obtain clear evidence
for the first time. At the present time, we are taking steps to commercialize these devices.
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1. Introduction
Since the inception of clinical research into acupuncture, the dilemma of how to create an
appropriate placebo for acupuncture research has hindered the progress. There has been no
good method of managing all confounding variables, particularly the implementation of
double-blind method into experiments.
Due to the lack of an appropriate placebo, the general scientific society has questioned studies
on the effects of acupuncture. The double-blind, placebo-controlled clinical trial is said to be
the gold standard for showing that a treatment has a specific effect over placebo. But acu‐
puncture treatments undoubtedly involve placebo effects. In order to support the study of
acupuncture’s effects and to give more credibility to acupuncture studies in the era of the
EBM(Evidence Based Medicine), a thoroughly tested double-blind placebo for acupuncture
needs to be developed.
2. The need for developing a successful sham acupuncture
Experimental studies of acupuncture have been actively conducted to discover new evidence
for acupuncture treatment. To facilitate acupuncture research, the Standards for Reporting
Interventions in Clinical Trials for Acupuncture (STRICTA) were published in 2010 as a
revision of the 2002 version[1]. Blind study designs are the most important method for
diminishing the placebo effect and bias. Due to the lack of an appropriate placebo method, few
studies have been conducted in compliance with the standard guidelines for placebo-control‐
led clinical trials. So far by having appropriate placebo models, research on medical drugs has
been advancing strongly while the research on the effects of acupuncture have remained using
either single-blind or without any blinding in the study at all. A sham acupuncture needs to
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be developed for the purpose of double-blind, placebo control research. Acupuncture treat‐
ment holds a unique position in the medical research community in that most believe that it
cannot be administered in a way both acupuncturist and patient do not know whether the
patient is receiving real or sham treatment.
The patient receiving the placebo treatment should believe that they are receiving the real
treatment, which entails giving the treatment without actually performing any sort of legiti‐
mate operation but still being impossible to distinguish from real treatment.
3. Previous studies in Sham acupuncture
Presently there are several sham acupuncture needles that have been invented. Some methods
used the Placebo which is pricking[2-3] and superficially stabbing without manipulation at
inappropriate acupoints which is not traditional acupuncture point located in the meridian[4].
However, these minimal acupunctures are inadequate Placebos because they can have
physiological effects such as DNIC (Diffuse Noxious Inhibitory Controls) on the patient[5-6].
Sham TENS[7-8], sham tablets[9] and un-operative laser acupuncture[10] have been used as
control groups, however their effects cannot be appropriately identified as truly having a
placebo effect[11] as the participants were comparing their treatment to the real acupuncture
group afterwards and finding differences which will cause non-placebo psychological effects.
Several other placebo methods include: simply poke the subject with the fingernail[12],
without breaking the skin;. stimulating with the acupuncture pipe[13] on the skin and lightly
pricking with a real needles on the superficial skin[14];using placebo acupuncture needle with
flat tip and only let the acupuncture needle enter to the plastic stopple at the edge of the
acupuncture pipe[15] and not puncture the skin but only pressed it[16].
In addition, Streitberger and Kleinhenz, Park et al. developed sham acupuncture devices.
Streitberg’s method was designed to use a blunted needle inserted into a prop to give the
appearance that acupuncture was being administered through the skin when it was not[17].
By using this method as a placebo in an experiment on the clinical treatment of rotator cuff
tendonitis in sportsmen, the results acquired favored real acupuncture over sham acupunc‐
ture[18] (Figure 1).
Figure 1. Streitberger and Kleinhenz sham and real needle
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Park’s sham needle[19] was invented independently from Streitberger and Kleinhenz. The
apparatus consists of a blunted needle, the shaft of which telescopes into the handle when
tapped, so that, while the needle appears to have been inserted, it does not actually pierce the
skin. And this consists of an oversize guide tube with a silicon flange at one end which adheres
to the skin with double-sided tape. This needle diameter is 0.35mm and its length is 70mm
including handle. Real needling can be performed to a depth of up to 15mm. In the published
validation study, 22% of volunteers could feel a dull sensation with the sham needle, compared
to 57% with a real needle. This needle has not been correctly validated in terms of deqi (specific
needling sensation) (Figure 2).
Figure 2. Park’s real and sham needle
Miyazaki et al.[20] conducted a double-blind clinical trial to compare a press needle to a
placebo lacking the needle element. Because of the characteristics of these devices, the ability
to blind subjects was limited and double-blind studies are difficult to administer. Therefore,
few studies have been conducted in compliance with the standard guidelines for placebo-
controlled clinical trials to address this problem. Fregni et al.[21] claimed that an important
challenge in using a placebo is the development of a sham device that has a similar appearance
and induces a feeling similar to that induced by the real device.
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Despite all of this difficulties, Kim[22] came to believe that one could create a type of sham
acupuncture needle that would be identical to a real acupuncture needle in structure, color,
and form but not break the skin because its edge, while appearing virtually identical to the
real needle, is in fact blunt.
4. What is Kim’s Sham needle?
Kim’s sham acupuncture needles was invented as an intradermal T-shaped needle (thickness
0.2 mm, length 1.5 mm, diameter 2 mm).
The sham needles use the exact same manufacturing machines as the real type T. The structure,
color, and shape of the sham needle (pre-produced by Dongbang Acupuncture Company,
South Korea) were the same as that of the real needle with the exception of the blunt tip. This
blunt tip makes it impossible to insert the needle into the skin, and the tactile sensation is
similar to that of the real T-shaped intradermal needle. The patch consists of 3 layers, with the
first and second film layer securing the needle to the patch and the third layer possessing the
adhesive that attaches the needle to the patient’s skin. The needle is still 1.5mm long and is
secured to the patch to make vertical 90˚ contact with a skin (Figure 3 and Figure 4).
Figure 3. Differences between real needle and sham needle shape - The structure, color, and shape of the sham
needle were the same as that of the real needle with the exception of the blunt tip.
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Figure 4. Difference between real needle and sham needle stimulation – While the real needle tip is inserted into
the epidermis invasively, the sham needles tip simply presses the skin surface non-invasively.
In the packaging process, damage can occur to the tip of the intradermal needle, so suitable
holder’s development can overcome this problem. This holder was made using a transparent
material to see whether or not the needle tips were damaged (Figure 5 and Figure 6).
Figure 5. Ineffective sham acupuncture needle holders designs
Figure 6. Manufactured Kim’s sham acupuncture needle holder design
In the 2003 edition of Lee’s paper[23], the placebo needles were manufactured type T needles
that Lee cut down to 1mm with scissors. This method however caused problems with irregu‐
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larly shaped needles, some of which that may have actually punctured the skin like a real
needle. Kim’s sham acupuncture avoids this by using standardized mechanical manufacturing
methods that create needles with the same length as real needles and that have edges that will
not puncture the skin. In 2004, Menjo tried to test the possibility of a double blind for a sham
0.6mm dermal acupuncture needle at the 1st J-K Workshop meeting in Chiba, Japan. This
acupuncture needle is shorter than the mean depth (1.5mm) of the adult dermis. It is very
difficult to really prove the effects of acupuncture because the same real needle can’t success‐
fully stimulate the skin. Kim’s sham acupuncture avoids this problem by using 1.5mm long
needles. These experiments were also not successfully implemented in a double-blind manner.
Kim’s sham acupuncture has the result of using an iron needle to perform subcutaneous
stimulation and maintained acupuncture fixed to the skin with a form evolved from classical
slight acupuncture to modern short acupuncture. Generally, during normal acupuncture, the
acupoint is selected for its corresponding internal organ or for being a tender point, Posterior
Referred Point, Limb Referred Point, or Ear Point chosen by meridian theory. The adaptation
range is largely applied to chronic internal organ diseases and chronic multiple pains. Kim’s
sham acupuncture gains several advantages from imitating endermic acupuncture. The
simplicity of the puncturing method, the length of treatment (needles remain in for 2 to 3 days),
and the uniformity of hand techniques results in standardization of the procedures. This makes
Kim’s sham acupuncture ideal for the research of endermic acupuncture’s effect on pain.
5. Validation study of Kim’s Sham needle
In order to investigate the possibility of sham acupuncture’s application, we examined how
well subjects who are accustomed to acupuncture treatment could distinguish between real
acupuncture and sham acupuncture.
5.1. Determination of real from sham acupuncture by apperance or sensation
Prior to participating in the study, a consent form “Will you please participate in research
comparing the appearance and feeling between real acupuncture and sham acupuncture.” was
obtained from the subjects. The selection criteria were similar with receiving acupuncture
treatment. The study targeted 537 people who agreed to participate in the study. Amongst the
those 537 people targeted, 120 of them were acupuncturists, 417 of them were from the general
public, of which 150 were Korean and 57 were non-Korean.
Group A consisted of 60 Koreans drawn from the public, 40 acupuncturists and the 57 Non-
Koreans drawn. These participants were trying to distinguish the real or sham acupuncture
needles and all subjects were randomly selected and allocated to the trials by computer (Table
1). Prior to participating in the study, subjects were given a consent form “Will you please
participate in research comparing the appearance and feeling between real acupuncture and
sham acupuncture.” Subjects had been selected for being familiar with receiving acupuncture
treatment such as hospital patients, acupuncture assistants and acupuncturists working at the
hospital of Korean medicine at Won Kwang University in South Korea and U.S. citizens.
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Group B consisted of 60 Koreans drawn from the public, 40 acupuncturists and the 57 Non-
Koreans from the public. In this study participants received real or sham acupuncture
treatment in the LI4 acupoint and were then asked to distinguish whether the treatment was
real or sham (Table 1).
Group C consisted of the remaining 30 Koreans drawn from the public, 40 acupuncturists and
the 57 Non-Koreans drawn from the public. In this study participants were shown real and
sham acupuncture using the double-blind method in their left and right hands in varying
orders as well as being given acupuncture in the LI4 acupoint. After receiving treatment in
both hands, the subjects were asked to identify which hand received the real acupuncture.
Whether the needle was placed on the right or the left was randomized to eliminate potential
bias. Those who could not distinguish between the two needles after treatment were recorded
as "wrong answers" (Table 1).
(C-1) left -real- right - real





Public (120 Korean) Acupuncturists(40) Public(57Non-Korean)




N=67(56%) N=53(44%) N=18(45%) N=22(55%) N=31(54.4%) N=26(45.6%)
P=.201 P=.527 P=.508
B From sensation






N=59(49%) N=61(51%) N=14(35%) N=26(65%) N=16(28.1%) N=41(71.9%)
P=.855 P=.058 P=.001**
Table 1. Results from the public and acupuncturists in correctly distinguishing real and sham acupuncture
treatment. The analysis of the statistics were done with a chi-square test which produced a statistically significant
result at the p<0.05 * and p<0.01**level.
Regardless of whether the subject is an acupuncturist or a regular acupuncture patient; the
order in which real and sham acupuncture are performed; or the exposure to the needle’s
appearance, the subjects ability to discriminate real endermic (intradermal) acupuncture from
Kim’s sham acupuncture was between 28.1% and 57%.
Examining the results of this experiment, the acupuncturists were unable to distinguish
between real and sham acupuncture treatment by either appearance or sensation. It also may
be inferred that the general public cannot distinguish by sensation whether it was real or sham
acupuncture treatment and that this may indicate that Kim’s sham acupuncture could be
applied to other double-blind acupuncture clinical studies.
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sham acupuncture.” Subjects had been selected for being familiar with receiving acupuncture
treatment such as hospital patients, acupuncture assistants and acupuncturists working at the
hospital of Korean medicine at Won Kwang University in South Korea and U.S. citizens.
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Group B consisted of 60 Koreans drawn from the public, 40 acupuncturists and the 57 Non-
Koreans from the public. In this study participants received real or sham acupuncture
treatment in the LI4 acupoint and were then asked to distinguish whether the treatment was
real or sham (Table 1).
Group C consisted of the remaining 30 Koreans drawn from the public, 40 acupuncturists and
the 57 Non-Koreans drawn from the public. In this study participants were shown real and
sham acupuncture using the double-blind method in their left and right hands in varying
orders as well as being given acupuncture in the LI4 acupoint. After receiving treatment in
both hands, the subjects were asked to identify which hand received the real acupuncture.
Whether the needle was placed on the right or the left was randomized to eliminate potential
bias. Those who could not distinguish between the two needles after treatment were recorded
as "wrong answers" (Table 1).
(C-1) left -real- right - real





Public (120 Korean) Acupuncturists(40) Public(57Non-Korean)




N=67(56%) N=53(44%) N=18(45%) N=22(55%) N=31(54.4%) N=26(45.6%)
P=.201 P=.527 P=.508
B From sensation






N=59(49%) N=61(51%) N=14(35%) N=26(65%) N=16(28.1%) N=41(71.9%)
P=.855 P=.058 P=.001**
Table 1. Results from the public and acupuncturists in correctly distinguishing real and sham acupuncture
treatment. The analysis of the statistics were done with a chi-square test which produced a statistically significant
result at the p<0.05 * and p<0.01**level.
Regardless of whether the subject is an acupuncturist or a regular acupuncture patient; the
order in which real and sham acupuncture are performed; or the exposure to the needle’s
appearance, the subjects ability to discriminate real endermic (intradermal) acupuncture from
Kim’s sham acupuncture was between 28.1% and 57%.
Examining the results of this experiment, the acupuncturists were unable to distinguish
between real and sham acupuncture treatment by either appearance or sensation. It also may
be inferred that the general public cannot distinguish by sensation whether it was real or sham
acupuncture treatment and that this may indicate that Kim’s sham acupuncture could be
applied to other double-blind acupuncture clinical studies.
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5.2. Validation study of Kim’s Sham needle by measuring facial temperature[24]
Physiological stimulation of Kim’s sham needle is different from that of a real needle. This
study tested the feasibility of using Kim's sham needle in a double-blind clinical trial on the
efficacy of acupuncture to reverse smoking-induced decreases in facial temperature.
This was conducted in N-of-1 randomized controlled trial with a double-blinded evaluation
process, and the results were based using a statistical analysis. N-of 1 trials can be used in
medical practice to determine the optimum treatment for an individual patient.
Seven healthy male smokers who met the following inclusion criteria were enrolled in this
clinical trial.
The inclusion criteria was as follows : (1) a submission of the written informed consent, (2) a
lack of exercise within the previous 24 hours, (3) a lack of intake of tobacco, alcohol, green tea
and coffee within eight hours and (4) more than one hour elapsing after a meal before
participating.
The exclusion criteria were as follows: (1) subjects with cardiovascular diseases,including
hypertension, arrhythmia, and ischemic heart disease, (2) those with endocrine diseases,
including diabetes mellitus and thyroid diseases, (3) those with kidney diseases, including
chronic renal failure, (4) those with a past history of surgery for diseases, such as gastric cancer,
(5) those with febrile diseases, such as epileptic seizure, and (6) other cases (e.g., dysautonomia,
cancer or alcoholism).
A B C D E F G
1
Sham Verum Verum Sham Sham Sham Sham
Verum Sham Sham Verum Verum Verum Verum
2
Verum Sham Verum Verum Verum Sham Verum
Sham Verum Sham Sham Sham Verum Sham
3
Verum Verum Sham Sham Sham Verum Sham
Sham Sham Verum Verum Verum Sham Verum
4
Sham Sham Verum Sham Verum Sham Sham
Verum Verum Sham Verum Sham Verum Verum
5
Sham Verum Sham Verum Sham Verum Verum
Verum Sham Verum Sham Verum Sham Sham
6
Verum Sham Verum Sham Verum Sham Sham
Sham Verum Sham Verum Sham Verum Verum
Table 2. Allocation of stimulation
The subjects were randomized and one set of needles was chosen randomly for use in one
session of the trial(Table 2). The set was composed of two types of needles: a real needle and
a sham needle. The experimental sequence of the needle types was set randomly by a third
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party. Both the physicians and subjects were blinded using a masking test. One session was
composed of two stimulations separated by a two hour washout period.
Following traditional Korean medicine literature, 'Saam Five Element Acupuncture', HT8 and
KI2 acupoint on both sides were selected to stimulate the blood circulation. All the operations
were performed by the acupuncturist according to the WHO(World Health Organization)
criterion[25]for standard acupuncture point locations (Figure 7).
Figure 7. Location of selected acupuncture points for tonification of heart fire – HT8 is used to generate warmth
by tonification of the heart fire and KI2 is used to generate warmth by tonification of the kidney fire. The selection of
acupuncture points located were based on the publication of WHO standard acupuncture point locations.
The experimental procedures were as follows:
i. Following a thirty minutes stabilization period, the subjects were encouraged to
smoke 1 cigarete during 3minutes (DunHill Light, Korea).
ii. After five minutes (once smoking was finished), with the use of DITI(digital infrared
thermographic imaging, Dorex, DTI-16UTI, U.S.A.) photography, the facial temper‐
ature was photographed.
iii. Either an invasive needle or noninvasive needle was randomly applied to the subjects.
iv. After retaining a needle for fifteen minutes, DITI photographs were taken again.
v. Following a two hour rest period, the subjects were encouraged to smoke 1 cigarete
during 3minutes.
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This was conducted in N-of-1 randomized controlled trial with a double-blinded evaluation
process, and the results were based using a statistical analysis. N-of 1 trials can be used in
medical practice to determine the optimum treatment for an individual patient.
Seven healthy male smokers who met the following inclusion criteria were enrolled in this
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The inclusion criteria was as follows : (1) a submission of the written informed consent, (2) a
lack of exercise within the previous 24 hours, (3) a lack of intake of tobacco, alcohol, green tea
and coffee within eight hours and (4) more than one hour elapsing after a meal before
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including diabetes mellitus and thyroid diseases, (3) those with kidney diseases, including
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cancer or alcoholism).
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Verum Sham Sham Verum Verum Verum Verum
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Verum Sham Verum Verum Verum Sham Verum
Sham Verum Sham Sham Sham Verum Sham
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Verum Verum Sham Sham Sham Verum Sham
Sham Sham Verum Verum Verum Sham Verum
4
Sham Sham Verum Sham Verum Sham Sham
Verum Verum Sham Verum Sham Verum Verum
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Sham Verum Sham Verum Sham Verum Verum
Verum Sham Verum Sham Verum Sham Sham
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Table 2. Allocation of stimulation
The subjects were randomized and one set of needles was chosen randomly for use in one
session of the trial(Table 2). The set was composed of two types of needles: a real needle and
a sham needle. The experimental sequence of the needle types was set randomly by a third
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party. Both the physicians and subjects were blinded using a masking test. One session was
composed of two stimulations separated by a two hour washout period.
Following traditional Korean medicine literature, 'Saam Five Element Acupuncture', HT8 and
KI2 acupoint on both sides were selected to stimulate the blood circulation. All the operations
were performed by the acupuncturist according to the WHO(World Health Organization)
criterion[25]for standard acupuncture point locations (Figure 7).
Figure 7. Location of selected acupuncture points for tonification of heart fire – HT8 is used to generate warmth
by tonification of the heart fire and KI2 is used to generate warmth by tonification of the kidney fire. The selection of
acupuncture points located were based on the publication of WHO standard acupuncture point locations.
The experimental procedures were as follows:
i. Following a thirty minutes stabilization period, the subjects were encouraged to
smoke 1 cigarete during 3minutes (DunHill Light, Korea).
ii. After five minutes (once smoking was finished), with the use of DITI(digital infrared
thermographic imaging, Dorex, DTI-16UTI, U.S.A.) photography, the facial temper‐
ature was photographed.
iii. Either an invasive needle or noninvasive needle was randomly applied to the subjects.
iv. After retaining a needle for fifteen minutes, DITI photographs were taken again.
v. Following a two hour rest period, the subjects were encouraged to smoke 1 cigarete
during 3minutes.
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vi. After five minutes (once smoking had finished), DITI photographs were taken again.
vii. Subjects were received the remaining needles.
viii. After retaining a needle for fifteen minutes, DITI photographs were taken again.
The above procedure was considered one pair. 1 pair of procedure was carried out six days
with each subject (Figure 8.).
Figure 8. Flow of participants through the trial - The top panel represents the first treatment (either sham or real)
that the subject underwent. This was followed by a 2 hr. washout period followed by the alternate treatment (either
real or sham), as shown in the bottom panel.
DITI (digital infrared thermographic imaging, Dorex, DTI-16UTI, U.S.A.) was used to measure
facial temperature, it is a method of measuring body temperature the apparatus for which is
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installed in a photographic laboratory (DITI studio). The mean temperature was measured by
drawing a circle with a diameter that extended from a 1 cm above the median point between
the eyebrows to 1 cm below the midpoint of the philtrum midline.
In  subjects  who  were  treated  with  a  sham  needle  following  smoking,  DITI  showed  a
marked decrease in facial temperature (Figure 9). In subjects who were treated with a real
needle following smoking, however, DITI showed a marked increase in the facial temper‐
ature (Figure 10).
Figure 9. Facial temperature before and after treatment with a sham needle - The changes in facial temperature after
smoking (a) and after being treated by sham needle (b). After treatment with sham needle, the average facial temper‐
ature shows an overall decrease. On the color bar below the photos, lower temperatures are located on the left.
Figure 10. Facial temperature before and after treatment with a real needle -The changes in facial temperature after
smoking (a) and after being treated by real needle (b). After treatment with a real needle, the average facial tempera‐
ture shows an overall increase. On the color bar below the photos, higher temperatures are located on the right.
Considering the mean values of the differences in facial temperature, all subjects demon‐
strated decreased facial temperatures after treatment with sham needles, while 5 of the 7
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vii. Subjects were received the remaining needles.
viii. After retaining a needle for fifteen minutes, DITI photographs were taken again.
The above procedure was considered one pair. 1 pair of procedure was carried out six days
with each subject (Figure 8.).
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that the subject underwent. This was followed by a 2 hr. washout period followed by the alternate treatment (either
real or sham), as shown in the bottom panel.
DITI (digital infrared thermographic imaging, Dorex, DTI-16UTI, U.S.A.) was used to measure
facial temperature, it is a method of measuring body temperature the apparatus for which is
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installed in a photographic laboratory (DITI studio). The mean temperature was measured by
drawing a circle with a diameter that extended from a 1 cm above the median point between
the eyebrows to 1 cm below the midpoint of the philtrum midline.
In  subjects  who  were  treated  with  a  sham  needle  following  smoking,  DITI  showed  a
marked decrease in facial temperature (Figure 9). In subjects who were treated with a real
needle following smoking, however, DITI showed a marked increase in the facial temper‐
ature (Figure 10).
Figure 9. Facial temperature before and after treatment with a sham needle - The changes in facial temperature after
smoking (a) and after being treated by sham needle (b). After treatment with sham needle, the average facial temper‐
ature shows an overall decrease. On the color bar below the photos, lower temperatures are located on the left.
Figure 10. Facial temperature before and after treatment with a real needle -The changes in facial temperature after
smoking (a) and after being treated by real needle (b). After treatment with a real needle, the average facial tempera‐
ture shows an overall increase. On the color bar below the photos, higher temperatures are located on the right.
Considering the mean values of the differences in facial temperature, all subjects demon‐
strated decreased facial temperatures after treatment with sham needles, while 5 of the 7
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subjects showed increased facial temperatures after treatment with real needles. Where as
for 6 of the 7 subjects, a paired-sample T-test showed a significant difference (p < 0.05) in
the facial  temperature between the treatments with real  and sham needles (Table 3 and
Figure 11).
Subject Needle After smoking(°C) After needling(°C)
Temperature
difference(°C)
* P value < 0.05
** P value < 0.01
(paired t-test)
A
Real 30.01±0.99 30.89±1.03 0.87±1.60
0.0270*
Sham 30.71±0.96 29.89±1.20 -0.81±0.35
B
Real 31.72±0.62 31.78±0.53 0.06±0.20
0.0072**
Sham 32.04±1.32 31.65±1.41 -0.38±0.33
C
Real 32.05±0.94 32.01±0.72 -0.03±0.26
0.0138*
Sham 31.66±0.42 31.23±0.33 -0.43±0.26
D
Real 31.16±0.92 31.50±0.73 0.20±0.39
0.0164*
Sham 31.57±0.71 30.90±1.01 -0.67±0.92
E
Real 31.86±1.10 32.17±1.01 0.31±0.32
0.0688
Sham 32.49±0.65 32.20±0.37 -0.28±0.67
F
Real 32.60±0.76 32.36±0.68 -0.24±0.21
0.0450*
Sham 33.24±0.79 32.42±0.74 -0.81±0.39
G
Real 32.32±1.03 32.67±0.78 0.34±0.34
0.0431*
Sham 32.97±0.51 32.47±0.45 -0.50±0.57
Table 3. Temperature changes after smoking and treatment with real or sham needle.
In conclusion, an N-of-1 trial was performed to validate Kim’s sham by measuring facial
temperature. Real needle treatment after smoking caused a significant increase in the facial
temperature in 6 of 7 subjects compared to Kim’s sham needle. This result indicates that Kim’s
sham needle has a different physical effect on skin temperature. After acupuncture treatment
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with the sham needle, facial temperature decreased in all subjects. However, in real needle
group, facial temperature increased in five subjects and decrease in two subjects. An analysis
of seven subjects was performed using a paired T-test, and the results showed that all subjects
but one had a significant difference in facial temperature. These results indicate that the real
needle was more effective than the sham needle in raising the temperature, which was initially
lowered because of smoking. However, Kim’s sham needle was a realistic enough simulation
to raise peripheral skin temperature.The results showed that real and sham acupuncture were
significantly different in six of seven subjects. Further studies using this sham needle might
provide more evidence and improve the scientific quality of clinical trials on acupuncture.
6. Conclusion
In conclusion the study on Real versus Sham needle the results show that the acupunctu‐
rists,  Koreans and Non-Koreans were all  unable  to  distinguish between Real  and Sham
needles.  Also in the study for validation the effectiveness of  the real  needle,  the results
Figure 11. Temperature change before and after treatment with real or sham needle: Seven male smokers (A–G)
were treated with either a sham needle or a real needle 5 mins after smoking and their facial temperature was moni‐
tored by DITI. The results show that treatment with a sham needle resulted in an overall decrease in facial tempera‐
ture, while treatment with a real needle resulted in an overall significant increase in facial temperature in 6 subjects.
Values on the graph represent the mean (SD) of 6 independent treatments with 2 hr intervals.. For six out of the
seven subjects,a paired sample T-test showed a significant difference (p<0.05) in facial temperature between
treatments with verum and sham needle.
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subjects showed increased facial temperatures after treatment with real needles. Where as
for 6 of the 7 subjects, a paired-sample T-test showed a significant difference (p < 0.05) in
the facial  temperature between the treatments with real  and sham needles (Table 3 and
Figure 11).
Subject Needle After smoking(°C) After needling(°C)
Temperature
difference(°C)
* P value < 0.05
** P value < 0.01
(paired t-test)
A
Real 30.01±0.99 30.89±1.03 0.87±1.60
0.0270*
Sham 30.71±0.96 29.89±1.20 -0.81±0.35
B
Real 31.72±0.62 31.78±0.53 0.06±0.20
0.0072**
Sham 32.04±1.32 31.65±1.41 -0.38±0.33
C
Real 32.05±0.94 32.01±0.72 -0.03±0.26
0.0138*
Sham 31.66±0.42 31.23±0.33 -0.43±0.26
D
Real 31.16±0.92 31.50±0.73 0.20±0.39
0.0164*
Sham 31.57±0.71 30.90±1.01 -0.67±0.92
E
Real 31.86±1.10 32.17±1.01 0.31±0.32
0.0688
Sham 32.49±0.65 32.20±0.37 -0.28±0.67
F
Real 32.60±0.76 32.36±0.68 -0.24±0.21
0.0450*
Sham 33.24±0.79 32.42±0.74 -0.81±0.39
G
Real 32.32±1.03 32.67±0.78 0.34±0.34
0.0431*
Sham 32.97±0.51 32.47±0.45 -0.50±0.57
Table 3. Temperature changes after smoking and treatment with real or sham needle.
In conclusion, an N-of-1 trial was performed to validate Kim’s sham by measuring facial
temperature. Real needle treatment after smoking caused a significant increase in the facial
temperature in 6 of 7 subjects compared to Kim’s sham needle. This result indicates that Kim’s
sham needle has a different physical effect on skin temperature. After acupuncture treatment
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with the sham needle, facial temperature decreased in all subjects. However, in real needle
group, facial temperature increased in five subjects and decrease in two subjects. An analysis
of seven subjects was performed using a paired T-test, and the results showed that all subjects
but one had a significant difference in facial temperature. These results indicate that the real
needle was more effective than the sham needle in raising the temperature, which was initially
lowered because of smoking. However, Kim’s sham needle was a realistic enough simulation
to raise peripheral skin temperature.The results showed that real and sham acupuncture were
significantly different in six of seven subjects. Further studies using this sham needle might
provide more evidence and improve the scientific quality of clinical trials on acupuncture.
6. Conclusion
In conclusion the study on Real versus Sham needle the results show that the acupunctu‐
rists,  Koreans and Non-Koreans were all  unable  to  distinguish between Real  and Sham
needles.  Also in the study for validation the effectiveness of  the real  needle,  the results
Figure 11. Temperature change before and after treatment with real or sham needle: Seven male smokers (A–G)
were treated with either a sham needle or a real needle 5 mins after smoking and their facial temperature was moni‐
tored by DITI. The results show that treatment with a sham needle resulted in an overall decrease in facial tempera‐
ture, while treatment with a real needle resulted in an overall significant increase in facial temperature in 6 subjects.
Values on the graph represent the mean (SD) of 6 independent treatments with 2 hr intervals.. For six out of the
seven subjects,a paired sample T-test showed a significant difference (p<0.05) in facial temperature between
treatments with verum and sham needle.
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showed  that  the  real  needle  caused  a  significant  increase  in  the  facial  temperature  of
smokers, compared with the Sham needle. Indicatory that the Sham needle has a differ‐
ent physical effect on the skin. As these studies were carried out as a double blind trial.
The results would infer that Kim’s Sham needle could be applied to the double blind study
of  acupuncture.  Further  research  regarding  acupuncture  and  non-acupuncture  point
treatments  with real  and sham needles may help garner sufficient  scientific  evidence to
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Chapter 8
Fu's Subcutaneous Needling, a Modern Style of
Ancient Acupuncture?
Zhonghua Fu and Ryan Shepherd
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/53970
1. Introduction
Fu’s Subcutaneous Needling (FSN), originated from Chinese traditional acupuncture, is a
therapeutic approach for localized diseases, especially for musculoskeletal painful disor‐
ders. This procedure is performed by inserting a special trocar needle into the subcutaneous
layer around the afflicted spot (Fig. 1) or nearby limbs (Fig. 2) to achieve the desired effect.
In some cases, FSN could provide immediate and significant relief of the pain in trigger
points (TrPs) more effectively than anesthesia.
Figure 1. The situation of FSN needles with TrP
FSN, Chinese pronunciation of which is “Fu Zhen” (浮, in simplified Chinese; 浮針, in Tradi‐
tional Chinese), has double implications: Fu is the surname of the inventor (also the first au‐
thor of this chapter); in Chinese, “Fu, 浮” also means floating or superficial. “Zhen” means
© 2013 Fu and Shepherd; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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acupuncture or needling. Therefore, in some English-language papers, FSN was also called
Floating Acupuncture[1], Fu’s Acupuncture [2], Fu Needling [3] and Floating Needling [4].
However, neither floating nor superficial is a precise translation, and it has been decided that
the word subcutaneous is a better substitute in terms of demonstrating where the effects of
FSN are acting upon, and where the FSN needle is being manipulated..
Figure 2. For neck pain, ipsilateral arm is the one chosen to be inserted in
Although it originated from classic acupuncture, FSN’s manipulation and theory have little
to do with the concepts of acupuncture, such as meridians, acupoints, Yin-Yang, and Qi.
Therefore, it is not a kind of acupuncture and hence should no longer be called acupuncture,
but rather FSN should be classified as its own separate identity..
The specific name, Fu’s Subcutaneous Needling, was first mentioned in the article by Fu and
Xu in the Pain Clinic to describe the treatment method [5]. Since then, a series of research
papers have adopted the use of the name [6, 7].
FSN should be clearly distinguished from the narrow sense of dry needling, which is well
known in the Western medical world. Since the 1940s, dry Needling [8-14], which refers to
the insertion of a fine, single-use sterile needle, into a TrP [15-18] for myofascial pain [19-26]
based on Western anatomical and neuro-physiological principles, has been increasingly uti‐
lized in the Western world, especially in the United States, United Kingdom, Australia, Ger‐
many, Brazil and Spain [27]. Unlike traditional acupuncture, dry needling ignores ancient
Chinese philosophy and traditional ideas. Therefore, the manipulation method used in clas‐
sic acupuncture differs from that used in dry needling because each one follows different
theoretical instructions.
FSN stemmed from some ideas of traditional acupuncture, but its essential features are dif‐
ferent from those of traditional acupuncture: 1. they are based on different theories; 2. their
manipulation is different; and, 3. they use different kinds of needles. The theory of tradition‐
al acupuncture is a mystifying concept, even to Chinese doctors. FSN makes the job much
easier by ignoring the traditional theories and placing more emphasis on the anatomical
model. This makes FSN a modern form of acupuncture to some extent.
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Compared with the current practice of common dry needling, FSN also has unique features.
There are at least two differences between FSN and dry needling: 1, FSN inserts needles into
non-diseased areas, but dry needling inserts the needles into TrPs; 2, FSN is confined to the
subcutaneous layer, whereas dry needling goes deep into the muscles.
FSN is also considered as one type of dry needling in its “broad sense” because: 1, they both
share the same theory surrounding modern scientific neurophysiology and anatomy; 2, In
clinical practice, the end goal for both dry needling and FSN is to manage myofascial pain.
2. Features of Fu’s Subcutaneous Needling (FSN)
FSN is differentiated from traditional acupuncture and other alternatives in terms of manip‐
ulation and effects.
2.1. Manipulation features
The manipulation of FSN is mainly devised of the following features:
The selection of FSN insertion areas are based on the nature of TrPs or focal disorders
FSN abandoned traditional acupuncture theories, such as meridians, acupoints, and the re‐
inforcing-reducing method, and the selection of FSN points mainly depends on the different
relevant muscles or situations of the disorders.
The FSN needle inserts into non-diseased areas
Different from medicated plasters, dry needling, and cupping, which are located directly on
the afflicted or painful area, FSN acts on non-afflicted areas. The tip of the FSN needle usual‐
ly does not reach the lesion area. The FSN needle stimulates a healthy area to heal the un‐
healthy area or organ. If the area is unhealthy, FSN needles are usually not inserted. For
example, if the surrounding area of the painful spot is swollen or inflamed, the FSN needle
should not be inserted into the swollen part.
The insertion of the FSN needle stops at the subcutaneous tissue
The needle used in dry needling goes through the skin, passes through the subcutaneous
layer, and then enters deep into muscles, whereas the FSN needle stops at the subcutaneous
layer (Fig. 3).
Deqi is not required during an FSN treatment
In traditional acupuncture, Deqi is considered an omen of its curative effect [28-30], which is
why most acupuncturists try to induce Deqi. However, FSN aims for the patient not to have
sensations of soreness, swelling, or numbness, and for the acupuncturist not to feel any mild
resistance or “needle grasp”.
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Figure 3. The different relevant layers of FSN and dry needling
The FSN needle is retained in the subcutaneous tissues for a long duration
The retention of the needles was seldom mentioned in ancient acupuncture. In modern acu‐
puncture, however, retention is widely used, and the retention often lasts for 15 or 20 mi‐
nutes. FSN needs a longer retention time, often lasting more than one hour. The patient
should be allowed to move or exercising in a mild way with the FSN needles retained in the
subcutaneous layer.
The tip of the FSN needle directs to the painful region
The acupuncture needle is often inserted perpendicularly or obliquely, whereas the tip of
the FSN needle is inserted horizontally and is directed toward the TrP or localized disorder.
The FSN needle has to be swayed from side to side
The FSN applies a special technique, which is the swaying movement. The swaying move‐
ment is essential to FSN treatment and provides a curative effect, especially when dealing
with chronic disorders. In most circumstances, FSN does not work well without the swaying
movement.
The involved muscles and joints can move easily during FSN treatment
Moving afflicted joints and relevant muscles can effectively speed up the recovery from
musculoskeletal injury. This kind of movement in an FSN clinic is called the reperfusion ap‐
proach, which will be introduced in detail afterwards in this chapter. As mentioned above,
the FSN needle is manipulated above the muscular layer, which makes it easy for the medi‐
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cal staff or the patients themselves to extend/contract the afflicted muscles even during
FSN’s swaying movement.
2.2. Characteristics of effectiveness
After clinical observations for about 16 years, FSN was found to have the following charac‐
teristics:
a. FSN focuses on treating painful problems, although FSN can also have positive effects
on some non-painful disorders, such as numbness, chronic cough without sputum, and
acute onset of asthma.
b. FSN can provide relief under most conditions. After the swaying movement, the pain
completely goes away or is reduced to some extent.
c. Retention of the FSN needle is usually necessary in order to aviod symptoms from re‐
curring frequently, although they can be easily suppressed after therapy.
d. FSN has adverse effects, such as minor hemorrhage, dizziness, and fainting. However,
FSN is safer than acupuncture because its needles do not go deeply and do not touch
focal diseases.
e. FSN has short-term and long-term effectiveness in the treatment of a majority of soft tis‐
sue non-traumatic lesions if the relevant muscles can have enough rest. However, for
painful problems caused by malignant tumors, trigeminal neuralgia, and post-herpetic
neuralgia, FSN often only have short-term effects.
f. The treatment room of an FSN clinic can be better utilized than that of an acupuncture
clinic because patients can keep retention of the casing pipe, a soft part of the FSN nee‐
dle, and go home after the treatment.
g. FSN treatment is inexpensive for patients because FSN can achieve the same effect with
fewer treatments compared with acupuncture. In addition, FSN is much cheaper than
surgery because it can often relieve painful problems, such as lower back pain with
sciatica, without an invasive surgical procedure.
h. The effects of FSN can be seen immediately to confirm the accuracy of the diagnosis
and technique. The doctor can then modify the diagnosis and treatment accordingly.
FSN could provide feedback much quicker than acupuncture and medication could.
Although FSN is superior to traditional approaches in many respects, it also has its disad‐
vantages: for example, doctors spend more time and energy on each subject, and FSN can be
easily misunderstood by patients and other doctors because the FSN rationale seems too un‐
conventional for the general public to understand. Chinese physicians doubt the results and
effects of FSN because it does not obey the rules of traditional Chinese medicine. Further‐
more, Chinese patients who have never previously been exposed to FSN often think that
their physicians have discreetly injected them with an anaesthetic and/or steroid. Neverthe‐
less, future studies confirming these clinical assumptions are imperative to further deter‐
mine the effectiveness of FSN versus classic acupuncture.
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3. Origin of Fu’s Subcutaneous Needling (FSN)
The following three sources led to FSN’s evolution from traditional acupuncture.
3.1. Contemplation of De-Qi
De-Qi [31], is an acupuncture phenomenon that occurs during needle manipulation. During
needle manipulation, when the patient feels sensation, e.g. soreness, aching, numbness, and
“needle grasp,” and/or the acupuncturist feels a pulling sensation, it suggests that De-Qi is
achieved [30, 32, 33 ]..
Traditionally, De-Qi must be achieved in the process of acupuncture regardless of the ma‐
nipulation used; otherwise, the therapeutic results are poor [31]. In every textbook on acu‐
puncture in Chinese, the importance of De-Qi is always emphasized and reiterated.
Acupuncturists also repeatedly emphasize De-Qi. As a result, most Chinese patients believe
in the adage, “no De-Qi, no effect.” Sometimes, patients will be disappointed in the acupunc‐
turist if they fail to acquire De-Qi, which causes discomfort to the patient.
Acupuncturists and patients are not the only ones who consider De-Qi to be essential, as
some scientists also believe that De-Qi plays an important role in acupuncture analgesia [28,
34]. Acupuncture needling could activate the afferent fibers of peripheral nerves to elicit De-
Qi, which ascends to the brain, activates the antinociceptive system, including certain brain
nuclei, modulators (opioid peptides) and neurotransmitters, and through the descending in‐
hibitory pathway, results in analgesia [34].
However, acupuncture could work without De-Qi every now and then, and could fail even
when the patients achieve strong De-Qi. Furthermore, many acupuncture substitutes, such
as cupping, moxibustion, trans-cutaneous electrical nerve stimulation (TENS), and so on, do
not elicit De-Qi, but they appear to be effective [35].
Therefore, it is supposed that De-Qi might be not as pivotal as traditional comments sug‐
gest. To prove the insignificance of De-Qi, the best method is to stimulate the tissue with
less nerve endings and then observe what will happen. The elicitation of De-Qi is related
to the needling depth[32]. There are few free nerve endings and proprioceptive receptors
in  the  subcutaneous  layer,  whereas  free  nerve  endings  are  abundant  in  the  epidermis
and  dermis,  and  proprioceptive  receptors  exist  in  the  muscular  layer  [36].  Therefore,
there should be no occurrence of De-Qi even if the subcutaneous layer is stimulated. Un‐
der such a condition, does the needling effect still  exist? For an acupuncturist,  it  is sim‐
ple  to  verify  the  existence  of  the  needling  effect,  and  this  simple  trial  was  one  of  the
factors resulting in the development of FSN.
3.2. Clinical application of wrist-ankle acupuncture
Wrist-ankle acupuncture (WAA) [37] is also called wrist-ankle needling [38]. Dr. Xinshu
Zhang, a neurologist who has worked at the Second Military Medical University in Shang‐
hai, developed WAA in 1972. WAA divides the whole body into 12 longitudinal districts, 6
for each half of the body, 3 for each side of the central line.
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There are 6 points 2 cun (about 50 mm) above the wrist joint corresponding to the 6 districts
above the diaphragm, and there are 6 points 3 cun (about 75 mm) above the ankle joint cor‐
responding to the other 6 districts. If a disorder occurs in one of the districts, the corre‐
sponding point should be chosen.
Unlike conventional acupuncture, WAA inserts an acupuncture needle only superficially in
the subcutaneous layer; some authors claim that WAA is effective in the treatment of pain
with various origins [39]. Needling superficially in WAA wrist or ankle point to treat distant
disorders often has good effect [38], leading to the idea that needling close to the afflicted
area could be at least as effective as needling in an area remote from that which is afflicted,
and that needling closer maybe better. These thoughts motivated the author to seek answers
through clinical trials.
3.3. Ancient techniques
The Medical Classic of the Yellow Emperor (also known as The Yellow Emperor’s Canon on Inter‐
nal Medicine or Yellow Emperor’s Inner Classic), written thousands of years ago, is a funda‐
mental book of traditional Chinese medicine. The book says needling superficially and
needling nearby are two characteristics of the ancient techniques for the treatment of painful
problems. The author of the chapter learned from, and were inspired by, these techniques in
the process of FSN initiation. In The Medical Classic of the Yellow Emperor, there is a chapter
entitled “Guanzhen,” which records 26 special techniques. The 26 techniques are classified
into three groups: 9-technique group, 12-technique group, and 5-technique group.
The characters of superficial needling refers to quite a few techniques, such as MAO Ci in
the 9-technique group, Zhizhen Ci and Fu Ci in the 12-technique group, and Ban Ci in the 5-
technique group. Among them, Zhizhen Ci significantly resembles FSN: Hold up the skin
with the thumb and index finger of the left hand; insert the filliform needle into the skin;
and then go forward toward the painful spot obliquely. Zhizhen Ci of thousands of years ago
can be said to be FSN without the use of FSN needle and its swaying movement.
Needling nearby is often seen in the 26 techniques, such as Fen Ci in the 9-technique group,
Hui Ci, Qi Ci, Yang Ci, Duan Ci, and Pangzhen Ci in the 12-technique group, and Baowen Ci,
Guan Ci, and Hegu Ci in the 5-technique group.
Aside from the practicable techniques mentioned above, The Medical Classic of the Yellow Em‐
peror also describes many systemic theories, such as meridians, acupoints, and Yin–Yang.
Nevertheless, from then on, the most ancient acupuncture texts took meridians, acupoints,
and other theories instead of practicable techniques as their main interests. The long-term
neglect of practicable techniques resulted in today’s acupuncturists having little knowledge
about this valuable ancient technique, which is a wise shortcut to FSN.
Based on the above ideas and thoughts, Fu, the first author of the chapter, devoted himself
to seeking a new and effective treatment strategy and finally invented FSN in 1996, while
the author worked at the First Military Medical University in Guangzhou, China. The uni‐
versity ran a TCM Clinic in Zengcheng, a city near Guangzhou. In the clinic, the patients
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who were in great pain were more numerous than the author could deal with, which en‐
couraged him to find ways to more quickly relieve the painful problems.
The author, Fu, made an attempt and received a positive response when he treated a pa‐
tient with tennis elbow (lateral epicondylitis) by needling near the painful spot; this was
the first  successful  case of  FSN. From then on,  a series of  clinical  trials  were made and
positive results were achieved. FSN then came into being. In the same year,  Fu wrote a
brief introduction to FSN, and it  was published in a Chinese health newspaper.  Fu also
published  his  first  research  paper  in  Chinese  in  the  Journal  of  Clinical  Acupuncture  and
Moxibustion the following year.
4. Development of Fu’s Subcutaneous Needling (FSN)
Fu continued using FSN in his clinics and in accumulating evidence to improve FSN. The
development took place in two main aspects: the innovation of the FSN needle and the in‐
crease of FSN’s indications.
4.1. Innovation of the FSN needle
In physics, scientific theories always come out first, followed by technologies. However, in
traditional medicine, these phenomena often occur the other way around: technologies or
therapies come first, followed by theories. Without past experience to draw from or previ‐
ous theories to follow, the author had to develop FSN by trial and error. During FSN’s early
months, the author used a filiform acupuncture needle, but the following factors made him
change his mind:
• When the lesion range is large or deep, FSN did not work well with the filiform needles
despite the simultaneous usage of many needles.
• FSN needs a long period of retention, and the patients could not stay in any settled posi‐
tion for extended periods of time. The patients should be able to move their bodies and
limbs during needle retention. If the stainless-steel filiform needle is in use, patients are
easily hurt.
• FSN requires the needle to sway from side to side. The filiform needle is too elastic to al‐
low for the swaying movement.
Fu knew that some changes to the FSN needle must be made. However, the problem was
determining the kind of needle that could go through the skin quickly and stay beneath the
skin safely.
• Initially, a physical method was developed: a needle was invented using a new material.
The material is solid at low temperature, and becomes soft at high temperature. When not
in use, the needle is stored in a refrigerator. When FSN is being done, the needle is taken
out and inserted into the patient’s body, and the needle then becomes soft due to body
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temperature. It is a fine idea except that both the material used for the needle and the re‐
frigerators are too expensive for most acupuncturists to afford.
• A chemical method was also considered. The author tried to produce a biological hard
needle made of a high-polymer material, such as absorbable catguts, which is subsequent‐
ly dissolved by the tissue fluids. A large amount of time and energy were devoted to find‐
ing such a material, but none was found.
• Finally, the author was inspired by the i.v. catheter and then invented a trocar needle of
the compound structure used at present. Since 1997, the FSN needle has mainly consisted
of two parts: a solid stainless-steel needle and its soft casing pipe. The former is hard
enough to break through the skin quickly and to ensure that the FSN needle can be easily
controlled; the latter is soft enough to remain beneath the skin without pricking.
An application for the patent of the FSN needle was made in December 1997, and the Chi‐
nese invention patent was granted in August 2002.
4.2. Increase of FSN indications
When the author mentioned that a certain disorder is one of FSN’s indications, the following
criterion was applied: an immediate effect can come into play when FSN is used to treat the
disorder or release the symptoms. This criterion is called the gold criterion. Disorders or
symptoms for which FSN is unable to get immediate results are not incorporated into the
indications for FSN.
After the first successful case, the tennis elbow case previously mentioned, the author un‐
ceasingly searched for FSN indications. The search procedure could roughly be divided into
four stages.
Stage 1: FSN was mainly used to treat soft tissue injuries in the four limbs.
In the early months after the formation of FSN, the diseases treated with FSN were all pain‐
ful problems in the four extremities, such as tennis elbow, stenosing tenosynovitis of the sty‐
loid process of the radius, snapping finger, osteoarthritis of the knee, sprain and strain of
ankle, and so on. Due to the limited experience with FSN in its early days, the success rate of
the treatment of painful problems of the extremities was only about 40%. Therefore, FSN
was not useful for the treatment of complex diseases of the trunk of the body.
Stage 2: FSN was utilized to treat non-visceral diseases in the trunk.
One day in the autumn of 1998, the author and a friend met on the university campus. The
friend was seeking advice for her father-in-law, who was suffering from severe neck pain
and who had been treated in the university hospital for nearly one month but did not re‐
spond to the treatment. The friend inquired if Fu can do something her father-in-law before
leaving in a couple of days. The author had no better choice of treatment than FSN. Surpris‐
ingly, the neck pain was immediately relieved after the FSN trial. From then on, the author
started using FSN to treat non-visceral painful diseases in the trunk, such as lower back pain
with or without sciatica, cervical syndrome, and slight ankylosing spondylitis.
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Stage 3: FSN treats visceral benign painful problems.
FSN is performed superficially; hence, superficial illnesses such as soft tissue injuries were
regarded as FSN indications. FSN was never expected to treat visceral diseases until an 80-
year-old acupuncturist, who worked in Luzhou, Southwest China, wrote to Fu that he treat‐
ed a patient with appendicitis using FSN. Although FSN may not be suitable for the
treatment of appendicitis for safety reasons, the letter implied that FSN may possibly treat
visceral diseases. From then on, FSN was used to treat acute/chronic gastritis, cholecystitis,
pain due to urinary calculus, painful menstruation, and so on.
Stage 4: FSN was used to handle painful problems in the head and face and non-painful diseases.
After the successful treatments of visceral diseases, more confidence in FSN was gained. The
author moved on to treat head pain and face problems. These experiences convincingly
showed that FSN is effective in relieving localized headaches and in painful problems of the
face caused by temporomandibular and accessory sinusitis. FSN was mainly used to deal
with painful problems where an immediate response could always be achieved. A query
was raised regarding FSN’s capacity for effectively managing non-painful diseases. After
long-term practice, it was found that FSN could also deal with non-painful problems. At
present, the following non-painful indications have been determined: chronic cough with‐
out sputum, onset of chronic asthma, localized numbness, chronic cold, chronic constipa‐
tion, long-term diarrhoea and so on.
5. Fu’s Subcutaneous Needling (FSN) manipulations
Although FSN originated from traditional acupuncture, its manipulation is quite different.
5.1. Structure of the FSN needle
FSN needles, individually packaged and pre-sterilized with ethylene oxide gas, are de‐
signed for single use. The FSN needle is made up of three parts (Fig. 4): a solid steel needle
core (bottom), a soft casing pipe (middle), and a protecting sheath (top).
The needle core consists of a steel needle stick and the needle-core handle. The former is
made of stainless steel, with a beveled tip. When the needle pricks the skin, the bevel of the
tip should face upward. The latter is made of plastic and is square-shaped; one of the four
sides has 10 protuberances. The protuberances are on the same side as the bevel of the tip. If
the protuberances face upward, the bevel will also face upward. The needle core allows the
FSN needle to have sufficient rigidity to quickly go through the skin, go forward along the
subcutaneous layer, and smoothly sway from side to side. A soft casing pipe encases the
FSN needle.
The soft casing pipe consists of two parts: the pipe body of fluoroplastic and the pipe neils‐
bed of common plastic. A metal wedge connects the two parts to one another. The tip of the
casing pipe is about 3 mm behind the tip of the needle core when the needle core is embed‐
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ded inside the casing pipe. The casing pipe has two functions: 1, it could cover the tip of
needle stick until the needle stick is pulled back by 3 mm; thus, the tip of needle stick will
not hurt the surrounding organs during the swaying movement; and, 2, substituting the
steel needle core with the casing pipe beneath the skin can ease the patient’s pain during
retention.
Figure 4. Three parts of FSN needle
The protective sheath is an affiliated structure and is made of common plastic. The protec‐
tive sheath shields the needle core and the casing pipe from collision with something else,
and it also keeps the FSN needle sterile.
5.2. Preparation prior to treatment
5.2.1. Select a treatment posture
The FSN needle is thicker than acupuncture filiform needles, and FSN manipulation lasts
longer; hence, selecting a suitable posture is crucial for FSN manipulation compared with
acupuncture and dry needling. The following are the common postures used when FSN is
used:
Sitting position: Appropriate for manipulating locations in the head, face, neck, shoulders,
upper back and upper extremities.
Supine position: A fine choice when manipulating in the abdomen.
Prone or lateral decubitus position: An appropriate posture when treating diseases of the
back and the rear of lower extremities.
The demonstrations in the above figures are only several of the common examples used in
an FSN clinic. In fact, the postures can be modified depending on the patient’s condition.
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To be more precise, we should often change the positioning of the patient under the follow‐
ing two conditions: 1, when there is no immediate effect after several minutes of the FSN
swaying movement, another posture should be considered. For example, the sitting posture
is the first choice for the treatment of neck and upper back pain. However, if the sitting posi‐
tion does not work, letting the patient lie down may be a better choice; 2, when a patient is
sensitive to a certain position or the painful problem becomes extraordinarily uncomfortable
when a patient assumes a certain position, this special posture may be the best choice for the
particular patient. For example, if the back pain is felt only when the patient stands, the FSN
needle could be inserted while the patient is in a prone position, and then the patient could
be asked to stand up before doing the swaying movement (Fig.5 ).
Figure 5. The needling technique when low back pain is worse while the patient is bending forward
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5.2.2. Palpate the Trigger Point (TrP)
In most cases, TrPs are the cause of painful musculoskeletal problems and are also the main
targets of the FSN needle. In the following introduction to the treatment details of common
diseases, the locations of relevant common TrPs are mentioned. Readers are referred to
some current books for TrP dry needling.
5.2.3. Locate the insertion area
Unlike  traditional  acupuncture,  FSN  does  not  require  the  insertion  of  the  needles  into
acupoints or Ah-shi points.  The needles are inserted into the area surrounding the TrPs
or in the nearby limbs. After ascertaining the TrP, the needles can be inserted anywhere
within the district around the TrP or in the adjacent limb. How is the area chosen? Here
are some principles:
Principle A: For a single small-sized TrP, the insertion area should be close to this TrP. For a
large-sized TrP or for TrPs clustered in one area, the insertion points should be in the nearby
limbs. For example, the insertion points should be close to the TrP in the case of tennis el‐
bow, whereas they should be far away from the TrP cluster in the case of upper back pain.
The reason being is that when the distance between the TrP and the FSN needle tip is far‐
ther, the level of FSN effectiveness may be reduced, but its coverage area may be considera‐
bly enlarged. This phenomenon is called the flashlight \
Principle B: Between the insertion points and TrP, there should not be scars or hollow or
prominent, especially there should not be the olecranon of ulna, patella, styloid processes of
the radius and ulna, malleolus lateralis, or malleolus medialis.
Principle C: For different types of diseases, the FSN needle insertion site should follow the
guidelines listed in Table 1 if the needle insertion area should be far from the lesion site.
Principle D: To reduce pain during needle insertion, the needling points should be kept
away from surface blood vessels, most of which are veins.
Diseased Region Insertion Area
Head, face, upper back Thumb side of the forearm, outside of the upper arm
Chest, epigastric zone Inner side of the forearm and upper arm
Hypogastrium Middle part of the inner side of the leg, anteromedial part of
thigh
Low back Rear or outside part of the leg, outside of the thigh
Genitals, anus Middle part of the inner side of the lower limb
Table 1. Insertion areas corresponding to the diseased region
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some current books for TrP dry needling.
5.2.3. Locate the insertion area
Unlike  traditional  acupuncture,  FSN  does  not  require  the  insertion  of  the  needles  into
acupoints or Ah-shi points.  The needles are inserted into the area surrounding the TrPs
or in the nearby limbs. After ascertaining the TrP, the needles can be inserted anywhere
within the district around the TrP or in the adjacent limb. How is the area chosen? Here
are some principles:
Principle A: For a single small-sized TrP, the insertion area should be close to this TrP. For a
large-sized TrP or for TrPs clustered in one area, the insertion points should be in the nearby
limbs. For example, the insertion points should be close to the TrP in the case of tennis el‐
bow, whereas they should be far away from the TrP cluster in the case of upper back pain.
The reason being is that when the distance between the TrP and the FSN needle tip is far‐
ther, the level of FSN effectiveness may be reduced, but its coverage area may be considera‐
bly enlarged. This phenomenon is called the flashlight \
Principle B: Between the insertion points and TrP, there should not be scars or hollow or
prominent, especially there should not be the olecranon of ulna, patella, styloid processes of
the radius and ulna, malleolus lateralis, or malleolus medialis.
Principle C: For different types of diseases, the FSN needle insertion site should follow the
guidelines listed in Table 1 if the needle insertion area should be far from the lesion site.
Principle D: To reduce pain during needle insertion, the needling points should be kept
away from surface blood vessels, most of which are veins.
Diseased Region Insertion Area
Head, face, upper back Thumb side of the forearm, outside of the upper arm
Chest, epigastric zone Inner side of the forearm and upper arm
Hypogastrium Middle part of the inner side of the leg, anteromedial part of
thigh
Low back Rear or outside part of the leg, outside of the thigh
Genitals, anus Middle part of the inner side of the lower limb
Table 1. Insertion areas corresponding to the diseased region




Sterilization is necessary and essential before FNS insertion. Both the surface of the insertion
point and the practitioner’s fingers should be sterilized.
5.3. Needling method
The needling procedure for FSN, including needle insertion, needle swaying, needle direc‐
tion, needle retention, etc., is described below.
5.3.1. Needle insertion
The posture of the patient should be adjusted to ensure that the skin on the inserting point is nei‐
ther tight nor loose. If the skin is too tight, relevant blood vessels dilate, and the FSN needle is
more prone to inducing pricking; on the other hand, if the skin is too loose, it is harder to pene‐
trate. During the whole process, the needle tip should always be directed toward the TrP.
First, the protective sheath of FSN needle is gently taken off, and then Fix the FSN needle
into fixing groove of a kind of inserting device (Fig.6 ), which was specially designed for
FSN Needle inserting, and then pull the fixing groove back to the locked position..
Hold the device as shown in Fig. 7.
Figure 6. A FSN inserting device with a FSN needle in
Figure 7. The way of holding the inserting device
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Push and press the device to the area of intended insertion to form an indentation (Fig.8).
Figure 8. Before ejecting, the device should be pushed in
Press the control button with your right index finger, and then the FSN needle will immedi‐
ately eject and penetrate the surface of the skin.
Use your left hand to take the FSN needle out from the fixing groove, and remove the device
with your right hand (Fig.9).
Figure 9. After insertion of the needle tip into the skin, the method to separate the device from the needle
Afterward, the needle should be laid flat and then carefully pushed in until the needle has
been fully inserted. While being pushed forward, the needle tip should be slightly elevated
in order to observe if the skin hunch is moving along with the needle tip. At this point, the
therapist’s right hand should feel loose with no resistance; while the patient feels something
moving under the skin, but there is no feeling of De-Qi.
After the casing pipe is totally embedded beneath the skin, the needle-core handle should be
withdrawn by about 3 mm and turned 90º to the left; this way, an embossment in the pipe
neilsbed goes into a groove in the needle-core handle. The swaying movement can be done.
Once the swaying movement is finished, the needle-core handle is turned right by 90º out of
the groove, and then the steel needle core is withdrawn. The steel needle core is placed into
the protective sheath so as not to hurt the medical staff and the garbage collector.
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moving under the skin, but there is no feeling of De-Qi.
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withdrawn by about 3 mm and turned 90º to the left; this way, an embossment in the pipe
neilsbed goes into a groove in the needle-core handle. The swaying movement can be done.
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The casing pipe is then embedded beneath the skin using an adhesive tape. After 1-2 hours
of retention, the adhesive tape is removed and the casing pipe is pulled out. At the same
time, the insertion point should be pressed using a sterilized cotton ball for at least one mi‐
nute to prevent bleeding.
5.3.2. Swaying movement
The swaying movement, a key procedure for FSN, is a smooth, soft, fan-style waggle using
the thumb as its fulcrum. The index finger, middle finger, and ring finger stay in a line. The
middle finger and thumb affix the needle in a face-to-face way, while the index finger and
ring finger alternately move back and forth (Fig. 10).
Figure 10. The way of hold the needle while the swaying movement.
The frequency of the swaying movement is about 100 times a minute. The duration of the
swaying movement for one insertion point is often within 2 minutes. After 50 repetitions of
the swaying movement (about half a minute), you can palpate the TrP or ask the patient
about the condition of his/her problems. If the TrP has been deactivated or the patient says
the problem is gone, the swaying movement should be stopped; otherwise, it should be con‐
tinued. If the problem persists, the entire needle should be pulled out and the insertion
point should be adjusted.
At the same time of swaying movement, the clinicians should move or ask the patient him‐
self to move the relevant muscles or joints. Fig. 11 shows consecutive photos taken while
manipulating the needle in upper extremity pain. The lifting of the sleeve by the practition‐
er’s left hand and the movement of the left thigh should be noted. The rocking of the rele‐
vant muscles or joints is one of methods called the reperfusion technique.
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Figure 11. The consecutive photos of needle manipulation for upper extremity pain.
5.3.3. Reperfusion technique
Chinese acupuncturists often make use of a kind of technique for the treatment of acute
painful problems. This technique is often conducted by the patients’ themselves: the pa‐
tients exercise their afflicted body part while acupuncturists insert the needles in an area
other  than  the  afflicted  region.  For  example,  when  a  Chinese  acupuncturist  treats  pain
associated with a  sudden sprain in  the lower back,  he will  ask the patient  to  stand up
and  rock  his  back  during  needling  at  the  acupoint  Renzhong  (DU26).  Although  widely
used,  this  practical  rocking  technique  has  seldom  been  introduced  in  textbooks.  At
present, this technique has no regular name; sometimes, it is called Yundong needling  (ki‐
netic  needling)  [40],  other  times,  Dong-qi  (meaning  moving  the  energy)  therapy  and
movement  therapy  [41].  In  the  Western  world,  there  are  also  some  similar  techniques,
such as exercise [42] or ischemic compression [43.44].
Inspired by these techniques, Fu tried to apply them in conjunction with FSN. To his sur‐
prise and delight, these techniques immediately enhanced FSN in many patients, especially
for stubborn pain. To say that FSN is a much better fit for these conditions than acupuncture
is no exaggeration. The reason is that the insertion point of acupuncture should be far from
the afflicted area if these techniques are applied; there is no such restriction in FSN because
FSN needles are not inserted deep into the muscles. Thus, these techniques could be done
easily during FSN manipulation, regardless of whether your FSN insertion point is far from
or near the afflicted area.
Fu once wondered about the mechanism of these techniques, and then searched for relevant
studies. To his disappointment, there are only a few studies on these techniques both in Chi‐
nese and English papers. The limited number of studies could probably be blamed on the
shortage of appropriate techniques, such as ischemic compressions, that could be done
while exercising. These techniques are known to increase the effectiveness of FSN. Why do
they work this way?
In the energy crisis theory [17,25], the contraction of a muscle segment creates a demand for
energy and cuts off local circulation. Thus, improving local circulation is crucial. FSN can
relieve muscle contraction from TrPs and then improve the local circulation, but this con‐
sumes both time and the practitioner’s energy. FSN can be better utilized with the help of
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other methods that can help to impove circulation. Can these reperfusion techniques help in
improving circulation? The answer can be illustrated using the change in the hand’s skin
color when the fist is clenched and loosened alternately (Fig. 12)
Figure 12. The changes of the skin color when the fist clenches and unclenches,
Fu named the course of techniques the reperfusion approach (RA). RA here refers to the me‐
chanical methods that extent/contract repetitively the relevant muscles to improve the local
circulation in non-inflamed ischemic tissues, especially in musculoskeletal injured tissues.
Reperfusion  is  a  word often found in the phrase reperfusion injury,  which refers to tissue
damage caused when blood supply returns to the tissue after  a  period of  ischemia.  Re‐
perfusion  injury  is  often  involved  in  stroke  and  brain  trauma,  and  sometimes,  also  in
muscular trauma.
Could RA lead to reperfusion injury in ischemic tissues? This possibility should not exist
because: (1) the ischemic state is a chronic one; and (2) the approach calls for the actions
to  be  performed  in  a  sequential  and  repetitive  way;  each  action  can  only  slightly  im‐
prove the circulation.
There are two kinds of RA: active RA and passive RA. Active RA means that the actions are
carried out by the patient’s afflicted joints or some afflicted organs. Passive RA means that
the actions are implemented by the practitioner or the patient’s healthy limbs. The applica‐
tion range of active RA is larger than that of passive RA. Active RA can be used in most con‐
ditions. Passive RA is more applicable in the following conditions: (1) the patient does not
know how to perform the RA; (2) the patient does not know how to control the amplitude
and frequency; and (3) the TrP is located in a body part that the patient finds hard to move,
such as in the scalp.
Active RA and passive RA could be used alternatively. Passive RA in small joints can often
be implemented by the practitioner, whereas passive RA in large joints could be carried out
by either the practitioner or the patient. For different muscles afflicted with musculoskeletal
disease, practitioners should use different methods of RA during FSN.
With RA, the range of extension or contraction should be as large as possible under the safe
condition. The transition between extension and contraction had better be slow.
Acupuncture in Modern Medicine196
5.3.4. Retention
After the swaying movement and RA, the solid steel needle core should be taken out (Fig.
13), and then go to retention. Retention is the process of retaining the casing pipe beneath
the skin after the needle core is pulled out. The goal of retention is to maintain the immedi‐
ate effects of the treatment. Therefore, if the treatment has no immediate effect, retention is
meaningless. If the treatment has an immediate effect, then retention is necessary. The pain
that just disappeared might recur without retention.
Figure 13. The method of separating the needle core from the tube.
The rubberized fabric that is used for retention should be big enough to cover the pipe neils‐
bed and insertion point (Fig. 14). Sometimes, rubberized fabrics can cause local itching and
swelling due to allergy. In this case, the rubberized fabric should be changed.
Figure 14. Fixing the soft tube by an adhesive tape.
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For the sake of safety, retention time should last for 1 hour. According to our experience, the
patients had better to stay in your clinic and to feel the condition. After 1 hour, if the pain is
still present, do another swaying movement or insert other FSN needle. If the pain goes
away or there is no change at all, take the whole FSN needle out without retention and let
the patient go home.
6. Precautions, contraindications, and management of side effects
During traditional acupuncture, many people feel a brief stinging sensation, like a pinprick,
when the needles are inserted. Others experience a dull ache around the needle after it goes
in. A handful of patients have been injured because the needle was pushed into a vital or‐
gan, such as a lung. Nevertheless, acupuncturists have an extremely good safety record.
Given that an FSN needle does not go deep and does not elicit De-Qi, it is also a safe form of
therapy, even safer than traditional acupuncture. However, no form of therapy is absolutely
safe. When using FSN, close attention should be given to the following to gain satisfactory
effects and to avoid causing patients discomfort:
a. FSN treatment should be delayed for those patients who are famished or who have
overeaten, and also those who are intoxicated, over fatigued, or very weak.
b. The insertion of an FSN needle into the lower abdomen of pregnant women is contrain‐
dicated.
c. During needling, the blood vessels should be avoided to prevent bleeding, especially in
the region of the superficial temporal artery, posterior auricular artery, and radial ar‐
tery. When a patient suffers from spontaneous hemorrhage, do not give FSN treatment..
When performed correctly, FSN is free from any adverse effects. However, there are some
potential yet temporary side effects that the practitioner should be aware of.
Bruise: A bruise appears where small blood vessels have broken, leaking blood under the
skin. Bleeding under the skin results in a red or purple mark, which fades to yellow or green
over time? Bruises often feel tender or swollen in the first few days. There are many small
blood vessels, mostly veins, in the subcutaneous layer. During FSN manipulation, care
should be taken to avoid the veins. However, some conditions make it impossible to avoid
all blood vessels; hence, bruising under skin sometimes occurs. If the bruise under skin is
not severe, there is no need to manage it. What needs to be done is to tell the patient not to
worry, and ask him/her to relax. If the congestion is severe and causes pain or affects local
function, the casing pipe should be pulled out immediately, and then cold, soft materials, for
example, cold and wet towels, should be applied to compress the local area and stop or re‐
duce the bleeding.
Syncope: People occasionally feel faint while undergoing FSN, especially at the start of the
first treatment. When the patient is faint, he/she feels tired, dizzy, and nauseous, and his/her
face turns pale. Sometimes, the patient also exhibits profuse sweating, flushing, and cold‐
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ness of the extremities, or even goes into a coma or falls to the ground. The prevention of
fainting is more important than its treatment. When a patient undergoes FSN treatment for
the first time and feels nervous or is in a weak condition, you should explain the FSN proce‐
dure and help the patient relax by selecting the suitable posture. During manipulation, the
patient’s expression should be observed; if any aura of faintness is seen, stop the FSN and let
the patient lie down on a bed. In most cases, the patient will recover with the help of drink‐
ing water within 3-5 minutes.
7. Factors that influence Fu’s subcutaneous needling effects
Many factors influence the effects of FSN, but some of them, for example, smoking, have
not  been  proven.  However,  some of  the  factors  have  already  been  clinically  proven  in
some cases.
7.1. Main factors that influence short-term effects
Edema: Stopping FSN treatment is advisable if the patient is suffering from general edema,
such as when patient with lupus or rheumatoid arthritis received steroid treatment. More‐
over, even if the patient has a concurrent painful problem, using FSN will have no effect.
Fever: Regardless of the cause of fever, the effects of FSN would not be as good as when
a patient  is  in  a  normal  healthy state.  FSN should be stopped and the fever  should be
managed
Other previous treatments: Some previous treatments, such as local steroid injections, heavy
cupping, plaster medicine, local ointment medicine, and local application of the coupling
medium for an ultrasound check, will obviously influence the effects of FSN.
Bad manipulation: Any type of manipulation has an impact on the effect. If one step has not
been performed well, the short-term effect will be influenced.
Wrong diagnosis: FSN is good for soft tissue non-traumatic lesions, but not for traumatic le‐
sions, such as acute ankle sprain or pain caused by a hairline fracture
7.2. Factors that influence long-term effects
Short-term effectiveness: If there is a good short-term effect, there is likely to be a good long-
term effect. If the short-term effect is not easily achieved, the long-term effect will probably
not be good.
Chronicity of the lesion: If the soft tissue non-traumatic lesion has been present for a long time,
the long-term effect will not be as good as if the lesion has only been present for a short
time.
Completeness of FSN treatment for TrPs: Beginners of FSN can easily deactivate active TrPs,
but ignore the palpation and the treatment of latent TrPs, which are also the engines of soft
tissue lesions.
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medium for an ultrasound check, will obviously influence the effects of FSN.
Bad manipulation: Any type of manipulation has an impact on the effect. If one step has not
been performed well, the short-term effect will be influenced.
Wrong diagnosis: FSN is good for soft tissue non-traumatic lesions, but not for traumatic le‐
sions, such as acute ankle sprain or pain caused by a hairline fracture
7.2. Factors that influence long-term effects
Short-term effectiveness: If there is a good short-term effect, there is likely to be a good long-
term effect. If the short-term effect is not easily achieved, the long-term effect will probably
not be good.
Chronicity of the lesion: If the soft tissue non-traumatic lesion has been present for a long time,
the long-term effect will not be as good as if the lesion has only been present for a short
time.
Completeness of FSN treatment for TrPs: Beginners of FSN can easily deactivate active TrPs,
but ignore the palpation and the treatment of latent TrPs, which are also the engines of soft
tissue lesions.
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Personal Habits: Some routine habits or customs aggravate FSN’s long-term effects. These
routine habits include watching TV in the bedroom, playing poker or mahjong for extended
periods of time, using an electric fan while sleeping, indulging in online gaming, walking or
standing for long time, and not having enough sleep.
Health Condition: If the patient also suffers from other diseases such as immunologic diseas‐
es, chronic infection, hypothyroidism, diabetes, hyperuricemia or malignant change, the
therapeutic effects may be poor.
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1. Introduction
Acupuncture has been widely used in the treatment of many diseases for over 2000 years. It
is traditionally performed by inserting thin needles into acupuncture points in human body;
this is known to affect the functions of various organs. According to the theory of traditional
Chinese medicine, energy (or Qi) flows through the body along specific paths known as
meridians. Any disturbance in this Qi results in an energy imbalance in the body; this imbal‐
ance may in turn result in disease. Acupuncture attempts to regulate and restore energy
balance by stimulating specific acupoints along the meridians and thereby treat the underlying
disease. In 1979, the World Health Organization (WHO) identified 43 conditions that might
benefit from acupuncture. In 1996, WHO confirmed 64 indications for acupuncture treatment.
Recently, laser acupuncture (LA) has been used as a complementary and alternative therapy
in addition to traditional acupuncture. It was first introduced clinically in the 1970s [1, 2]. LA
is defined as the stimulation of traditional acupuncture points with low-intensity, non-thermal
laser irradiation [3]. A laser beam is an electromagnetic wave and can stimulate the acupunc‐
ture points in the human body by depositing energy without heating. In doing so, the beam
excites the channels and properties, regulates the function of organs, and promotes metabo‐
lism. It can function as both acupuncture and moxibustion via different frequencies, e.g., the
information of the needle type (steel, gold/silver, left/right turn etc.). According to the research
of Manfred Reininger et al, frequencies (Reininger frequencies: LU= 824 Hz, LI= 553 Hz, ST=
471 Hz, SP= 702 Hz, HT= 497 Hz, SI= 791 Hz, BL= 667 Hz, PC= 530 Hz, TE= 732 Hz, GB= 583,
LR= 442 Hz; Bahr frequencies: B1= 599.5 Hz, B2= 1199 Hz, B3= 2388 Hz, B4= 4776 Hz, B5= 9552
Hz, B6= 19104 Hz, B7= 38208 Hz; Nogier frequencies: A’= 292 Hz, B’= 584 Hz, C’= 1168 Hz, D’=
2336 Hz, E’= 4672 Hz, F’= 9344 Hz, G’= 18688 Hz) can be applied to acupuncture points to
improve the meridian energy. In this chapter, we explore laser acupuncture’s role in modern
medicine with a focus on how it strengthens and promotes the current methods of treatment.
© 2013 Hu et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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2. Laser acupuncture vs. acupuncture
Instead of  using a  metal  acupuncture needle,  LA uses red or  near-infrared light  with a
wavelength between 600 and 1000 nm and power between 5 and 500 mW. It is also referred
to as low level laser therapy (LLLT), with 0.1–0.5 J/cm2 being deposited per acupoint, or
1–4 J/cm2 per Ashi point.  Because of the low absorption of laser light by human skin in
the given wavelength range, it has been hypothesized that laser light can penetrate deeply
into the tissue, where it may have a photobiostimulation effect [4].
LA  combines  the  advantages  of  traditional  Chinese  acupuncture  and  modern  laser
medicine. However, in some ways, laser energy may be more suitable than the tradition‐
al needle for stimulating the oscillating energy field of the meridian system. The correct
frequency  modulation  of  the  monochromatic  laser  beam  energizes  the  meridian  and
acupuncture point and thereby improves the oscillation of the meridian’s own frequency.
In addition, some patients may avoid acupuncture because of fear of pain and LA may be
less  invasive,  less  painful,  and  safer  than  traditional  acupuncture.  It  may  also  be  an
improvement over traditional moxibustion, because it uses similar energy levels but avoids
harmful effects related to smoke and heat (Table 1).
3. Review of the clinical literature
3.1. Pain
Assessment of the methods and findings of clinical trials on LA is confounded by the lack
of detail in some studies in the literature. It is also noteworthy that all studies reporting
negative results (no significant benefit of LA compared with control or sham conditions)
lacked details regarding treatment parameters, such as laser power or dose [5].
Treatment Instrument Invasiveness Sensations Pain
Traditional
acupuncture
Needle Invasive Soreness, numbness,
expansion, or pain
Painful
Laser acupuncture Low-level laser Non-invasive None or slight
warmth (if > 10 J/cm2)
Painless
Table 1. Comparison of traditional and laser acupuncture
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3.1.1. Low back pain
Glazov used multiple regression analysis to identify which baseline characteristics predicted
pain changes in the immediate, short, and intermediate terms. They found that higher pain
scores at baseline predicted greater pain relief after LA for chronic non-specific low back pain.
Adjusted analysis suggested a clinically significant effect on pain with LA compared to sham
treatment (P < 0.05), at short term follow-up only [6]. Later, Glazov et al. performed a random‐
ized controlled trial comparing the effects of laser acupuncture (LA) and sham laser treatment
in reducing pain and disability in adults with chronic non-specific low back pain. Their results
showed no effect of LA in reducing pain using infrared light at 0.2 J/point [7]. A possible reason
for this result is dose dependency issue [8].
On the other hand, Fiore et al. [9] examined the short-term effects of high-intensity laser
therapy versus ultrasound therapy for the treatment of low back pain in a randomized
controlled trial without placebo control group. At the end of a 3-week intervention period with
5 treatments per week, participants in the laser therapy group showed a significantly greater
decrease in pain and an improvement in related disability compared with the ultrasound
group. This study suggests that laser therapy is a promising treatment option for the rehabil‐
itation of low back pain.
3.1.2. Myofascial pain
LA has been used to treat myofascial pain in the masticatory musculature and trapezius
muscles. Some trials focusing on the ability of LA to relieve myofascial pain found negative
or contradictory results, which may reflect the poor methodologies used before 2001 [10].
In recent years, randomized controlled trials revealed significant decreases in pain during
both  rest  and  activity,  and  an  increase  in  pain  threshold  in  patients  treated  with  LA
compared to those treated with needle-acupuncture and placebo,  respectively.  Although
no definite conclusions can be drawn due to the low number of participants (n = 11), LA
may  be  a  good  treatment  option  for  patients  wanting  a  noninvasive,  complementary
therapy [11].  LA appears to be an effective form of acupuncture for the management of
these conditions [12].
3.1.3. Temporomandibular dysfunction
The  effectiveness  of  LLLT  for  the  control  of  pain  in  patients  with  temporomandibular
disorder (TMD) has been evaluated in studies with various research designs. In one study,
LA was applied to acupuncture points in TMD patients,  and the results showed signifi‐
cant  pain  reduction  and  improvement  in  the  electromyographic  behavior  of  masseter
muscles in maximal habitual occlusion after treatment, but no significant improvement was
observed in mandibular movement.  This shows that LA may have an effect for control‐
ling pain in TMD patients [13, 14].
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Painless
Table 1. Comparison of traditional and laser acupuncture
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3.1.1. Low back pain
Glazov used multiple regression analysis to identify which baseline characteristics predicted
pain changes in the immediate, short, and intermediate terms. They found that higher pain
scores at baseline predicted greater pain relief after LA for chronic non-specific low back pain.
Adjusted analysis suggested a clinically significant effect on pain with LA compared to sham
treatment (P < 0.05), at short term follow-up only [6]. Later, Glazov et al. performed a random‐
ized controlled trial comparing the effects of laser acupuncture (LA) and sham laser treatment
in reducing pain and disability in adults with chronic non-specific low back pain. Their results
showed no effect of LA in reducing pain using infrared light at 0.2 J/point [7]. A possible reason
for this result is dose dependency issue [8].
On the other hand, Fiore et al. [9] examined the short-term effects of high-intensity laser
therapy versus ultrasound therapy for the treatment of low back pain in a randomized
controlled trial without placebo control group. At the end of a 3-week intervention period with
5 treatments per week, participants in the laser therapy group showed a significantly greater
decrease in pain and an improvement in related disability compared with the ultrasound
group. This study suggests that laser therapy is a promising treatment option for the rehabil‐
itation of low back pain.
3.1.2. Myofascial pain
LA has been used to treat myofascial pain in the masticatory musculature and trapezius
muscles. Some trials focusing on the ability of LA to relieve myofascial pain found negative
or contradictory results, which may reflect the poor methodologies used before 2001 [10].
In recent years, randomized controlled trials revealed significant decreases in pain during
both  rest  and  activity,  and  an  increase  in  pain  threshold  in  patients  treated  with  LA
compared to those treated with needle-acupuncture and placebo,  respectively.  Although
no definite conclusions can be drawn due to the low number of participants (n = 11), LA
may  be  a  good  treatment  option  for  patients  wanting  a  noninvasive,  complementary
therapy [11].  LA appears to be an effective form of acupuncture for the management of
these conditions [12].
3.1.3. Temporomandibular dysfunction
The  effectiveness  of  LLLT  for  the  control  of  pain  in  patients  with  temporomandibular
disorder (TMD) has been evaluated in studies with various research designs. In one study,
LA was applied to acupuncture points in TMD patients,  and the results showed signifi‐
cant  pain  reduction  and  improvement  in  the  electromyographic  behavior  of  masseter
muscles in maximal habitual occlusion after treatment, but no significant improvement was
observed in mandibular movement.  This shows that LA may have an effect for control‐
ling pain in TMD patients [13, 14].




LLLT is a conservative treatment for lateral epicondylitis (LE). A recent systemic review
evaluated therapeutic effects of LLLT in treating LE in terms of pain, grip strength, range
of motion (ROM), and weight tests. The results revealed that applying LLLT on myofas‐
cial trigger points is an effective means for pain reduction and also led to increases in grip
force, ROM, and weight test [15]. However, most of the reviewed studies, which were all
several decades old, showed no significant differences between the laser treatment and the
placebo groups [16]. This may be related to dose or wavelength effects. LLLT at optimal
doses of 0.5–7.2 J at 904 nm and possibly 632 nm administered directly to the lateral elbow
tendon insertions, has been shown to offer short-term pain relief and reduce LE disabili‐
ty.  No  serious  side  effects  were  reported  in  that  study.  This  finding  contradicts  the
conclusions  of  the  previously  mentioned  review  [16],  which  failed  to  assess  treatment
procedure, wavelength, or optimal dose [17].
3.1.5. Knee osteoarthritis
Laser acupuncture has been widely used in treating knee osteoarthritis. A study by the Western
Ontario and McMaster Universities (WOMAC) found a significant decrease in pain score in
knee osteoarthritis patients treated with LA compared sham treatment [18]. Yurtkuran et al.
used a range of pain indices to investigate the effects and minimum effective dose of LA in
treating this condition. Although they found some pain reduction in the placebo group,
statistically significant reduction in knee circumference was observed only in the laser group.
They concluded that LA was effective in reducing periarticular swelling. They also noticed
different effects for different knee joint acupoints. The most common acupoints they used were
Dubi (ST35) and Neixiyan (EX-LE 4) [19].
3.1.6. Headache
Several randomized controlled trials have found LA to be an effective treatment for headache,
especially in children, including both migraine and chronic tension-type headaches [20, 21].
LA was shown to decrease headache intensity, duration of attacks, as well as number of
headache days per month.
3.2. Other conditions
3.2.1. Obesity
LA has been reported to be effective in weight control. Wozniak (2003) compared the efficacy
of a low-calorie diet with and without concurrent LA in reducing visceral obesity in postme‐
nopausal women. They observed a significantly greater drop in body weight, body mass index,
and waist-to-hip ratio with the combined treatment [22]. More recently, Hu et al. evaluated
the therapeutic effects of LA in subjects with simple obesity using a non-restrictive diet
protocol. Significant reductions in body weight and body mass index were seen after 4 weeks
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of LA treatment. Moreover, patient compliance was high, since this is a comfortable and non-
restrictive diet protocol [23].
3.2.2. Carpal tunnel syndrome
In patients with carpal tunnel syndrome (CTS), lower-level-laser therapy plus microamperes
transcutaneous electric nerve stimulation (TENS) applied to acupuncture points has been
shown to significantly reduce pain. In this study, both subjective (McGill Pain Questionnaire
scores) and objective (sensory and motor latencies and Phalen and Tinel signs) measurements
revealed that this combined approach was effective in treating CTS [24]. Branco examined the
effects of various conservative treatments on CTS patients, including LA, TENS, needle
acupuncture, and Chinese herbal medicine formulas, pain reductions were significantly
greater with the LA compared to the other treatments, including some patients failed to have
symptom relief after surgical release. Suggested mechanisms of pain reduction they proposed
included increased adenosine triphosphate (ATP) at the cellular level, decreased inflamma‐
tion, and temporarily increased serotonin level [25].
3.2.3. Postoperative vomiting
Postoperative nausea and vomiting (PONV) are frequent side effects of general anesthesia in
children. In 1998, LA was shown to reduce PONV in children after strabismus surgery. In this
study, laser stimulation of PC6 occurred 15 min before administration anesthesia and again
15 min after arriving in the recovery room. In the laser stimulation group, the incidence of
vomiting was significantly lower (25%) than that in the placebo group (85%) [26]. In another
study, Butkovic et al. compared the effectiveness of LA to that of metoclopramide in preventing
PONV in children after sevoflurane anesthesia. There were no statistically significant differ‐
ences between the LA and metoclopramide groups in occurrence or timing of vomiting (P <
0.001). They concluded that LA is equally as effective as metoclopramide in preventing PONV
in children [27].
3.2.4. Smoking cessation
A prospective observational 2 year study showed that the Smokex-Pro method (Table 2)
is an effective aid in smoking cessation. The treatment was well tolerated and showed only
mild and temporary side effects.  Additional advantages included lower cost and shorter
treatment duration compared to other smoking cessation programs. However, controlled
clinical trials are still needed to confirm the results of this study and to refine the treatment
for maximum efficacy [28].
3.2.5. Alcohol addiction
Auricular acupuncture has been used in the treatment of alcohol addiction for many years.
Zalewska-Kaszubska et al. performed a study aimed at intensifying this method by adding
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of LA treatment. Moreover, patient compliance was high, since this is a comfortable and non-
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In patients with carpal tunnel syndrome (CTS), lower-level-laser therapy plus microamperes
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scores) and objective (sensory and motor latencies and Phalen and Tinel signs) measurements
revealed that this combined approach was effective in treating CTS [24]. Branco examined the
effects of various conservative treatments on CTS patients, including LA, TENS, needle
acupuncture, and Chinese herbal medicine formulas, pain reductions were significantly
greater with the LA compared to the other treatments, including some patients failed to have
symptom relief after surgical release. Suggested mechanisms of pain reduction they proposed
included increased adenosine triphosphate (ATP) at the cellular level, decreased inflamma‐
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Postoperative nausea and vomiting (PONV) are frequent side effects of general anesthesia in
children. In 1998, LA was shown to reduce PONV in children after strabismus surgery. In this
study, laser stimulation of PC6 occurred 15 min before administration anesthesia and again
15 min after arriving in the recovery room. In the laser stimulation group, the incidence of
vomiting was significantly lower (25%) than that in the placebo group (85%) [26]. In another
study, Butkovic et al. compared the effectiveness of LA to that of metoclopramide in preventing
PONV in children after sevoflurane anesthesia. There were no statistically significant differ‐
ences between the LA and metoclopramide groups in occurrence or timing of vomiting (P <
0.001). They concluded that LA is equally as effective as metoclopramide in preventing PONV
in children [27].
3.2.4. Smoking cessation
A prospective observational 2 year study showed that the Smokex-Pro method (Table 2)
is an effective aid in smoking cessation. The treatment was well tolerated and showed only
mild and temporary side effects.  Additional advantages included lower cost and shorter
treatment duration compared to other smoking cessation programs. However, controlled
clinical trials are still needed to confirm the results of this study and to refine the treatment
for maximum efficacy [28].
3.2.5. Alcohol addiction
Auricular acupuncture has been used in the treatment of alcohol addiction for many years.
Zalewska-Kaszubska et al. performed a study aimed at intensifying this method by adding
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laser  biostimulation  for  treatment  of  patients  with  alcohol  dependence  syndrome.  The
patients received a single helium-neon laser neck biostimulation and 10 auricular acupunc‐
ture treatments with an argon laser. After 2 months of treatment, improvements in Beck
Depression  Inventory-Fast  Screen  (BDI-FS)  scores  and  increases  in  beta-endorphin  level
were  observed.  These  results  suggest  that  laser  therapy  can  be  useful  as  an  adjunct
treatment for alcoholism [29].
3.2.6. Asthmatic children
It has been shown that LA significantly decreases mean weekly PFV as a measurement of
bronchial hyper reactivity in asthmatic children. In this study there were no significant effects
on FEV1, quality of life, or additional medication [30]. Another randomized control trial
concluded that a single LA treatment offers no protection against exercise induced broncho‐
constriction in pediatric and adolescent patients [31].
3.2.7. Neurogenic pruritus
Stellon described successful LA treatment in a 6-year-old girl with neurogenic pruritus of the
abdomen, which was the first case report on LA treatment for this condition. The main
advantage of using low energy laser light to stimulate points, as opposed to using acupuncture
needles, was that it causes little or no sensation during the treatment which is particularly
useful in pediatric population [32].
3.2.8. Depression
Depression is a major public health problem, and there is some evidence supporting the
effectiveness of needle acupuncture in its treatment. Quah-Smith et al. investigated the effects
of LA in treating depression patients and found that Depression Inventory scores decrease
from baseline by 16.1 points in the intervention group and by only 6.8 points in the sham control
group (P < 0.001). However, the beneficial effect was short-lived. The LA was well tolerated,
with transient fatigue being the most common adverse effect [33]. Additional controlled
clinical trials are needed to confirm the results of this study and to refine the treatment for
maximum efficacy.
3.2.9. Nocturnal enuresis
LA therapy has been shown to be significantly more effective in reducing bed-wetting in
primary monosymptomatic nocturnal enuresis patients compared to placebo treatment. In
this study, they found no significant effects on maximal voided volume (first morning void
excluded), maximal morning voided volume, voiding frequency, enuresis frequency before
and after treatment, or nocturnal urine production after LA treatment. However, they did
find  significant  increases  in  average  daytime  voided  volume  compared  to  the  placebo
group.  They  concluded  LA  was  a  safe  but  inefficient  treatment  for  these  patients  [34].
However, a different study showed subtle effects on bladder reservoir function after LA
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treatment [35]. In comparison with pharmacological therapy using desmopressin, another
study showed no statistically significant differences in success rates between desmopres‐
sin therapy and LA. LA is an alternative, noninvasive, painless, cost-effective, and short-
term therapy for children with primary nocturnal enuresis, normal bladder function, and
high nighttime urine production [36].
3.2.10. Autonomic nervous activity of night shift workers
Many studies have demonstrated high levels of affective disorders in night-shift workers.
Wu et  al.  examined the  impact  of  LA on  autonomic  nervous  system (ANS)  and heart-
rate  variability  (HRV) of  such workers.  Compared with  a  placebo group,  the  treatment
group  had  a  statistically  significant  improvement  in  high-frequency  (HF)  HRV,  low-
frequency (LF) HRV, and LF:HF HRV ratio. This suggests LA may increase vagal activi‐
ty and suppression of cardiac sympathetic nerves and could be used to help patients who
have circadian rhythm disorders [37].
3.2.11. Whiplash injuries
Following introduction of compulsory seat belt use in cars, whiplash injuries of the cervical
spine have become commonplace. Current treatment approaches resolve symptoms within a
short time in most cases, but a small proportion of patients still develop persistent health
problems. Aigner et al. combined LA with cervical collar treatment and medication (parace‐
tamol and chlormezanone) to treat whiplash patients. They did not observe significantly
greater improvements in any outcome measure at any time for LA compared to the other
treatment protocols [38].
3.2.12. Postural instability
It is well known that the risk of falling is high among elderly people. Bergamaschi compared
the effectiveness of auriculopuncture, ultralow-power LA, and placebo treatment in improv‐
ing postural control in an elderly population. Balance performance was measured on a force
platform before and after treatment. Although the small sample size did not allow reliable
statistical analysis, the observed balance improvements were remarkable, and some differen‐
ces were observed between the two kinds of stimulation. They found that both LA and
auriculopuncture reduced nociceptive interference, thus improving postural control [39].
3.2.13. Peripheral artery disease
Cardiovascular disease is the most common cause of death in humans. The use of acupuncture
as a complementary and alternative treatment for cardiovascular disease has been suggested
in both humans and animals. Possible advantages of using acupuncture are the low cost of
treatment and the low risk of collateral damage when used in combination with other medical
treatments. In 2010, a trial was performed to compare the effects of traditional acupuncture
and LA on arterial pressure and peripheral circulation of the inferior limbs in patients with
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circulatory deficiencies. The results showed that only those treated with LA exhibited a
significant increase in systolic pressure in their lower limbs, with a resulting improvement in
Revascularization Index. This suggests that different stimuli on acupuncture points generate
different variations of peripheral resistance in the lower limbs [40].
3.2.14. Cerebral cortical and subcortical activations
As recent studies have demonstrated, acupuncture can elicit activity in specific areas of the
brain. Siedentopf et al. investigated the cerebral effects of LA at both GB43 acupoints with
functional magnetic resonance imaging. Their results showed that LA produced significant,
predominantly ipsilateral, brain activation within the thalamus, nucleus subthalamicus,
nucleus ruber, the brainstem, and the Brodmann areas 40 and 22. No significant brain activa‐
tions were observed within the placebo group. The fact that the observed effects were primarily
ipsilateral supports the assumption that LA is mediated by meridians, since they do not cross
to the other side of the body [41].
4. Discussion and conclusions
LA is a non-invasive technique involving the stimulation of traditional acupoints with low-
intensity, non-thermal laser irradiation. Its clinical application is widespread even though its
mechanisms are not well understood. LLLT can decrease inflammation by reducing the levels
of biochemical markers (prostaglandin E2, messenger ribonucleic acid cyclooxygenase-2,
IL-1β, TNF-α), neutrophil influx, oxidative stress, edema, and hemorrhaging [42]. Analgesia
induced by laser phototherapy is mediated by peripheral opioid receptors [43], however LA
has both local and distant analgesic effects that may be mediated by different mechanisms.
LA combines the positive effects of traditional acupuncture with LLLT. Compared with
needle-based methods for manipulating Qi, LA has the advantages of being non-invasive and
aseptic. Moreover, it is painless and safe because no heat is generated during the procedure,
and it is more effective in some medical condition and requires less time than needle-based
acupuncture [23]. No side effects or complications resulting from LA have been reported in
any study so far.
We have presented evidence supporting the use of LA in the treatment of various types of
acute and chronic pain, postoperative nausea and vomiting, nocturnal enuresis, alcohol
addiction, smoking cessation, obesity, and cerebral cortical activation (Table 2). Inappropriate
selection of points and frequencies, insufficient energy and therapeutic sessions will lead to a
failure in laser acupuncture therapy. Further studies are needed to better define optimal
treatment parameters, including wavelength, dose, and intensity, and to maximize the
physiological benefit and cost effectiveness of treatment (Figure 1). In conclusion, LA integra‐
tes traditional acupuncture with LLLT, and is effective in treating many conditions. In the
hands of an experienced physician, LA can be an effective alternative treatment method in
modern medicine.
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aseptic. Moreover, it is painless and safe because no heat is generated during the procedure,
and it is more effective in some medical condition and requires less time than needle-based
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any study so far.
We have presented evidence supporting the use of LA in the treatment of various types of
acute and chronic pain, postoperative nausea and vomiting, nocturnal enuresis, alcohol
addiction, smoking cessation, obesity, and cerebral cortical activation (Table 2). Inappropriate
selection of points and frequencies, insufficient energy and therapeutic sessions will lead to a
failure in laser acupuncture therapy. Further studies are needed to better define optimal
treatment parameters, including wavelength, dose, and intensity, and to maximize the
physiological benefit and cost effectiveness of treatment (Figure 1). In conclusion, LA integra‐
tes traditional acupuncture with LLLT, and is effective in treating many conditions. In the
hands of an experienced physician, LA can be an effective alternative treatment method in
modern medicine.
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Table 2. Summary table of clinical researches into laser acupuncture
BDI-FS: Beck Depression Inventory–Fast Screen, CTS: carpal tunnel syndrome, cw: continuous
wave, MPQ: McGill Pain Questionnaire, NR: non-randomized, OA: osteoarthritis, PONV:
Postoperative nausea and vomiting, pw: pulsed wave, RCT: randomized controlled trial, TMD:
temporomandibular disorders.
Figure 1. Graph of the therapeutic effects of laser acupuncture divided into psychological (pink) and physiological
(dark blue) effects. The latter is determined by the shown factors
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1. Introduction
Acupuncture therapy is utilized to cure many diseases and to maintain health. We have
been studying the molecular mechanism of acupuncture and obtained its  molecular evi‐
dence [1-4]. The World Health Organization has listed more than 40 indications for acu‐
puncture  [5],  and  the  National  Institutes  of  Health  (NIH)  has  accepted  the  validity  of
acupuncture treatment [6,7]. One of the popular uses of acupuncture treatment is to treat
muscle exhaustion, including stiff shoulders. Major acupuncture techniques involve pene‐
tration  of  the  skin  by  thin,  solid  metallic  needles,  which  are  manipulated  manually  or
are stimulated electrically. The efficacy of such muscle therapy is attributed to the over‐
proliferation of muscle cells induced by the damage of muscle in response to the needle
penetration.  We recently reported that myostatin gene expression is  suppressed by elec‐
troacupuncture (EA) [1].
However, we cannot exclude the possibility of infection for use of acupuncture, and thus a
noncontact method without using needles is needed. Furthermore the laser treatment has a
potential for high-throughput therapy. When an intense femtosecond laser is focused on bi‐
ological tissue, laser ablation is induced at the laser focal spot. Since the main component of
the tissue is water, the initiation process occurs with the mutual interaction between water
molecules and the femtosecond laser pulse. In comparison with picosecond or nanosecond
laser irradiation, the excitation energy of water molecules after the femtosecond laser irradi‐
ation is effectively converted to energy to generate shock and stress waves [8,9]. This means
simultaneously that heat generation at the laser focal spot is suppressed because of effective
energy conversion to these kinetic waves [10]. As a result, when the femtosecond laser is fo‐
cused on the tissue with suitable irradiation conditions, we can expect that the tissue will be
© 2013 Takaoka et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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been studying the molecular mechanism of acupuncture and obtained its  molecular evi‐
dence [1-4]. The World Health Organization has listed more than 40 indications for acu‐
puncture  [5],  and  the  National  Institutes  of  Health  (NIH)  has  accepted  the  validity  of
acupuncture treatment [6,7]. One of the popular uses of acupuncture treatment is to treat
muscle exhaustion, including stiff shoulders. Major acupuncture techniques involve pene‐
tration  of  the  skin  by  thin,  solid  metallic  needles,  which  are  manipulated  manually  or
are stimulated electrically. The efficacy of such muscle therapy is attributed to the over‐
proliferation of muscle cells induced by the damage of muscle in response to the needle
penetration.  We recently reported that myostatin gene expression is  suppressed by elec‐
troacupuncture (EA) [1].
However, we cannot exclude the possibility of infection for use of acupuncture, and thus a
noncontact method without using needles is needed. Furthermore the laser treatment has a
potential for high-throughput therapy. When an intense femtosecond laser is focused on bi‐
ological tissue, laser ablation is induced at the laser focal spot. Since the main component of
the tissue is water, the initiation process occurs with the mutual interaction between water
molecules and the femtosecond laser pulse. In comparison with picosecond or nanosecond
laser irradiation, the excitation energy of water molecules after the femtosecond laser irradi‐
ation is effectively converted to energy to generate shock and stress waves [8,9]. This means
simultaneously that heat generation at the laser focal spot is suppressed because of effective
energy conversion to these kinetic waves [10]. As a result, when the femtosecond laser is fo‐
cused on the tissue with suitable irradiation conditions, we can expect that the tissue will be
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stimulated mechanically, rather than thermally, by the photomechanical ablation. In previ‐
ous studies we realized several single-cell manipulation techniques using shock and stress
waves under a microscope, including noncontact detachment of an animal cell from its cul‐
tured substrate [11,12], control of cell multiplication [13], and estimation of intercellular ad‐
hesion strength [14,15]. These techniques can be utilized not only for single cells but also for
tissues and organs of living animal. As one of the promising approach, our attention is di‐
rected to acupuncture treatment.
In this study, we focused a femtosecond laser (FL) on the skin of the hind leg muscles of
living mice and investigated the clinical influence of the common acupuncture (ACP) on
muscle disease via histological examination and expression analysis of the gene encoding
myostatin [16]. In the histological examination, we observed damage of the skeletal muscle
due to the femtosecond laser irradiation. We then used real-time PCR to estimate the gene
expression and western blotting to estimate the protein translation of myostatin in the skele‐
tal muscle after the laser irradiation. Myostatin is a growth repressor in muscle satellite cells
[17]. The suppression of myostatin gene expression and protein translation indicates the fa‐
cilitation of muscle cell proliferation. In comparison with the common acupuncture treat‐
ment, we recognized the potential of the femtosecond laser as a tool for the acupuncture.
2. Materials and methods
2.1. Laser stimili
The experimental setup for the femtosecond laser (FL) is shown in Figure 1. Eight-week-old
inbred strain C57BL/6 male mice were purchased from Japan SLC, Inc., Tokyo, Japan. After
anesthesia treatment for the mice, hairs of the hind legs were saved and then mounted on an
XY motorized stage (Sigma Koki, BIOS-215T). A femtosecond laser pulse train from a regen‐
eratively amplified femtosecond laser system (Spectra Physics, Hurricane, 800 nm, 150 fs)
was focused on the top of the hind leg through a quartz convex lens with a focus length of
150 mm. The laser irradiation was controlled by a mechanical shutter positioned in front of
the laser system. The three-dimensional position of the laser focal spot was guided by a
HeNe laser, with beams divided into two lines introduced on the focal spot from different
directions. The laser focal spot was changed on the 1.5-cm-square area on the hind leg point
to point with the XY motorized stage. The irradiation area was a little larger than the hind
leg. The interval between the focal spots was set to 1 mm, and thus the laser irradiation was
performed at 256 (16x16) points on the surface of the hind leg. Although the sample position
fluctuated along the optical axis with a precision of a few millimeters, the focal spot size re‐
mained almost the same throughout the irradiation because the fluctuation is much smaller
than the focus length of the focus lens (150 mm). By this manipulation, the laser irradiated
almost the entire area of the hind leg. For each laser focal spot, a single- or 1000-shot laser
pulse irradiated the target. For single-shot laser irradiation, a single-shot pulse was extract‐
ed from the pulse train at a repetition rate of 20 Hz by the mechanical shutter with a gate
time of 50 ms. The 1000-shot laser pulse irradiation was performed by focusing the pulse
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train at a rate of 1 kHz for 1 sec. The laser pulse energy was tuned to 300 mJ/pulse by a half-
wave plate and polarizer.
Figure 1. Experimental setup for femtosecond laser acupuncture.
After the laser stimulation, mice were treated for biological analyses to describe in the fol‐
lowing sections. All mice in this research project were treated according to the Standards Re‐
lating to the Care and Management of Experimental Animals (Ministry of the Environment,
Tokyo, Japan) [18]. This study was approved by the Committee for Safe Handling of Living
Modified Organisms at Nara Institute of Science and Technology (permission number 1132)
and Kobe University (permission number 17-21) and was carried out according to the guide‐
lines of the committee.
2.2. Histochemical analysis
Tissue samples after the laser irradiation were fixed in 10% neutral buffered formalin and
embedded in paraffin. Paraffin sections (3 mm thick) were stained with hematoxylin and eo‐
sin (H&E) as described previously [1,19].
2.3. Creatine kinase analysis
Blood samples were collected from mice after 3 hours of the laser irradiation. Creatine kin‐
ase (CK) assay was measured according to the manufacturer’s instructions (L-Type CK kit,
Wako Pure Chemical Industries, Japan) [20]. CK activity was determined by using a Hitachi
autoanalyzer 7180 (Hitachi, Japan). The number of mice for each group in CK analysis was
as follows: 9 for control, 11 for FL, 6 for ACP.
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2.4. Real-time PCR analysis
To examine myostatin gene expression, total RNA was extracted from triceps surae muscle.
Total RNA (5-μg samples) was reverse-transcribed into cDNA by using SuperScript RT (Su‐
perScript First-Strand Synthesis System; Life Technologies, Gaithersburg, MD), according to
the company’s instructions. Expression levels were compared by using real-time quantita‐
tive RT-PCR analysis with gene-specific primers as follows: myostatin: sense: 5'-GA‐
CAAAACACGAGGTACTCC-3'; antisense: 5'-GATTCAGCCCATCTTCTCC-3'. Real-time
PCR was performed by using Power SYBR Green PCR Master Mix and StepOne (Applied
Biosystems, Foster City, CA), according to the manufacturer’s instructions. The reaction
mixture consisted of 2 ml of SYBR Green, 4 ml of cDNA, and each primer at 5 pmol, plus
water to a final volume of 20 ml. The PCR conditions were 95°C for 10 min followed by 50
cycles for 95°C for 15 s, 60°C for 60 s, and then 95°C for 15 s, 60°C for 60 s, and 95°C for 15 s.
Internal control gene for this research was glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) [21,22]. The values of each group were expressed relative to those obtained for the
control. The number of mice for each group in this analysis was as follows: 4 for control, 5
for FL, 6 for ACP.
2.5. Western blotting analysis
The triceps surae muscles were homogenized in PhosphoSafe reagent (Novagen, Madison,
WI) supplemented with a protease inhibitor cocktail tablet (Roche, Indianapolis, IN). After
centrifugation at 12,000 g for 25 min, the supernatant was frozen until use. Protein concen‐
tration was determined with Micro BCA Protein Assay Kit (Pierce, Rockford, IL) using bo‐
vine serum albumin as standard. For western blotting analysis, protein samples were
resolved by SDS-PAGE and blotted on PVDF (Amersham, Piscataway, NJ). The primary anti‐
bodies used in this study were polyclonal anti myostatin antibody (Millipore, Billerica, MA)
and α-tubulin loading control (Abcam, Cambridge, MA) [23]. The secondary antibody was a
goat anti-rabbit IgG horseradish peroxidase (HRP) conjugate (Cell Signaling Technology,
Danvers, MA). Immunoreactive bands were visualized with Pierce ECL Plus Western Blot‐
ting Substrate (Thermo Scientific, Rockford, IL) for α-tubulin, ECL Prime Western Blotting
Detection System (GE Healthcare Life Sciences, Uppsala, Sweden) for myostatin. All blots
were scanned, and the bands were analyzed with ImageJ software (http://rsbweb.nih.gov/
ij/). The band densities were expressed relative to those obtained for the control. The num‐
ber of mice for each group in this analysis was as follows: 5 for control, 6 for FL.
2.6. Statistical analysis
For CK and real-time PCR analyses, we used one-way ANOVA, followed by Tukey’s post-
hoc test. Data of western blotting were compared using unpaired Student’s t-test. Data for
and real-time PCR and western blotting were given as relative value to control with the data
divided by the average value of control for normalization. The relative gene and protein lev‐
els of myostatin were calculated by means of comparison with the geometric mean of the
translation of the internal control gene (GAPDH) and protein (α-tublin), respectively. For all
statistical analyses, maximum and minimum values are excluded from each group. All data
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were presented as means ± SD. P values of < 0.05 were considered statistically significant
and the level of significance are expressed as follows in each figure: **, P < 0.01; ***, P <
0.001; NS, not significant.
Figure 2. Histological microphotograph of the epidermis and dermis after single-shot irradiation with 300 uJ/pulse.
The arrow indicates the direction of laser irradiation. The area within the dashed line was denatured by the laser irra‐
diation. The skeletal muscle beneath the dermis was analyzed by real time-PCR and western blotting.
Figure 3. The serum creatine kinase after the femtosecond laser irradiation (FL) and common acupuncture stimuli
(ACP).
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3. Results and discussion
Figure 2b shows a representative histological microphotograph of epidermis and dermis
with irradiation by a single-shot laser pulse with energy of 300 mJ/pulse. The microphoto‐
graph is a cross-section of a hind leg at a laser focal spot. The pulse energy was about 15
times larger than the ablation threshold (20 mJ/pulse). The diameter of the laser focal spot
was about 30 μm, and we estimated the laser fluence and peak power density of the ablation
threshold to be 0.7 J/cm2 and 4.7x1012 W/cm2, respectively. This is in rough agreement with
the laser irradiation conditions reported as a threshold of the optical breakdown [8]. Under
such conditions, the deposited laser energy is efficiently converted to shock and stress
waves and propagates around the laser focal spot, as noted in the introduction. Along the
axis of the laser irradiation and its surrounding area, the typical morphological pattern of
the tissue was lost, indicating damage of the tissue. The diameter and depth of the damaged
area were approximately 400 and 1100 μm, respectively (the area within the dashed line in
(b)). Based on the depth, we estimated the absorption coefficient to be 10 cm-1, which is relia‐
ble as an optical absorption property at 800 nm [9], though the absorption coefficient fluctu‐
ates greatly with the concentrations of melanin and hemoglobin. The diameter was larger
than that of the laser focal spot size (about 30 μm), which means that the physical and/or
physiological effects by the laser irradiation propagate from the area with the direct laser ir‐
radiation. Since a typical histological pattern due to heat denaturation was not observed in
the damaged area, the damage was mainly induced by the photomechanical ablation. These
results agree with those of previous studies [8,9]. Note that damage by the laser irradiation
was not observed in the skeletal muscle (Figure 2a).
We evaluated the effects of laser on creatine kinase (CK) activity, because high level of CK
means muscle damage [24]. Figure 3 indicates that the femtosecond laser irradiation (FL)
dose not make injury in the muscle in contrast to ACP.
To reveal the muscle cell proliferation, the gene expression pattern of myostatin and
GAPDH of the skeletal muscle after the laser irradiation was analyzed. The analysis was
performed only for the skeletal muscle, from which epidermis and dermis were extracted.
The expression of GAPDH, which is a kind of dehydrogenase, is not modulated by the envi‐
ronment surrounding changes in the tissue, the expression pattern was simultaneously
monitored as an internal control of the gene expression of myostatin. Based on the ratio of
the signal intensity of the pattern of myostatin to that of GAPDH, we can evaluate the gene
expression of myostatin. Similarly, based on the ratio of the signal intensity of the pattern of
myostatin to that of α-tublin, we can evaluate the protein translation of myostatin because
the translation of α-tublin is stable in muscle.
Figure 4 shows the ratios after the femtosecond laser irradiation (FL) and common Acu‐
puncture stimuli (ACP), which were normalized by the ratio of mouse hind leg muscle with‐
out laser irradiation (Control). An obvious suppression of myostatin gene expression was
observed in case of laser irradiation and acupuncture. In addition, Figure 5 shows the myo‐
statin translational ratios after the femtosecond laser irradiation (FL), which were normal‐
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ized by the ratio of mouse hind leg muscle without laser irradiation (Control). An obvious
suppression of myostatin protein translation was observed in case of laser irradiation, too.
In the ACP treatment, skeletal muscles of the hind leg were directly stimulated by punc‐
tured. On the other hand, although the stimulation by the femtosecond laser irradiation was
limited to the epidermis and dermis, as shown in Figure 2, suppression of the myostatin
gene and protein were observed for the bulk of the skeletal muscle (Figures 4 and 5). As
mentioned in the introduction, the photon energy absorbed by the tissue is considered to be
effectively converted to energy to generate shock and stress waves [8-10]. This fact suggests
that the skeletal muscle is stimulated by the propagation of shock and stress waves though
the laser irradiation to the epidermis and dermis. This mechanical stimulation of the muscle
facilitates muscle cell proliferation. Such shock and stress waves are generated by picosec‐
ond or nanosecond laser irradiation. However, because a great deal of photon energy is re‐
quired for the generation in these cases, not only the epidermis and dermis but also skeletal
muscle would have critical damage.
Figure 4. Real time-PCR analysis of myostatin gene expression after the femtosecond laser irradiation (FL) and com‐
mon acupuncture stimuli (ACP). Relative transcript levels of myostatin were normalized with the signal intensity of the
control. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control.
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mentioned in the introduction, the photon energy absorbed by the tissue is considered to be
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Figure 5. Western blotting analysis of myostatin translation under the femtosecond laser irradiation (FL) and common
acupuncture (ACP). Relative protein levels of myostatin were normalized with the signal intensity of the control, and
α-tublin was used as an internal control.
4. Conclusion
Photomechanical ablation due to femtosecond laser irradiation was induced on hind leg
muscles of living mice. Although the epidermis and dermis were denatured by the laser ir‐
radiation, a direct influence due to the laser irradiation was not observed in the skeletal
muscle beneath the dermis. The gene expression of myostatin of the skeletal muscle after the
laser irradiation was evaluated by real time-PCR and western blotting, and obvious sup‐
pression of the myostatin were identified in the bulk of hind leg muscle. The suppression,
meaning the facilitation of muscle cell proliferation, was comparable to or greater than that
of the skeletal muscle after EA treatment, which is a conventional acupuncture technique.
On the basis of these results, we recognize the potential of the femtosecond laser as a tool for
noncontact acupuncture for the treatment of muscle disease. Since our FL technique does
not require the use of needles, such infection can be avoided. Furthermore, because it is pos‐
sible to scan the skin with the laser beam using an electric optical device such as a Galvano-
mirror and acoustic-optical modulator, high-throughput, multipoint stimulation of muscle
can be realized. We expect the present results will underscore the continuing potential of
treatment by acupuncture.
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Figure 5. Western blotting analysis of myostatin translation under the femtosecond laser irradiation (FL) and common
acupuncture (ACP). Relative protein levels of myostatin were normalized with the signal intensity of the control, and
α-tublin was used as an internal control.
4. Conclusion
Photomechanical ablation due to femtosecond laser irradiation was induced on hind leg
muscles of living mice. Although the epidermis and dermis were denatured by the laser ir‐
radiation, a direct influence due to the laser irradiation was not observed in the skeletal
muscle beneath the dermis. The gene expression of myostatin of the skeletal muscle after the
laser irradiation was evaluated by real time-PCR and western blotting, and obvious sup‐
pression of the myostatin were identified in the bulk of hind leg muscle. The suppression,
meaning the facilitation of muscle cell proliferation, was comparable to or greater than that
of the skeletal muscle after EA treatment, which is a conventional acupuncture technique.
On the basis of these results, we recognize the potential of the femtosecond laser as a tool for
noncontact acupuncture for the treatment of muscle disease. Since our FL technique does
not require the use of needles, such infection can be avoided. Furthermore, because it is pos‐
sible to scan the skin with the laser beam using an electric optical device such as a Galvano-
mirror and acoustic-optical modulator, high-throughput, multipoint stimulation of muscle
can be realized. We expect the present results will underscore the continuing potential of
treatment by acupuncture.
Acknowledgements
We thank Mr. Kenji Miura for his technical assistance. This work was partly supported by a
Grant-in-Aid for Scientific Research (C) (grant number 22590653) and (grant number
24590884) from the Japan Society for the Promotion of Science to Y.T. and M.O.; Grant-in-
Aid for Scientific Research (Innovative Areas) (grant number 22120010) from the Japan Min‐
Acupuncture in Modern Medicine228
istry of Education, Culture, Sports, Science and Technology (MEXT) to Y.H.; a Grant-in-Aid
for Challenging Exploratory Research (grant number 22657041) from MEXT to Y.H.
Author details
Yutaka Takaoka1,2*, Mika Ohta1,2, Aki Sugano1,2, Akihiko Ito3 and Yoichiroh Hosokawa4
*Address all correspondence to: ytakaoka@med.kobe-u.ac.jp
1 Division of Medical Informatics and Bioinformatics, Kobe University Hospital, Chuo-ku,
Kobe, Japan
2 Life Science Research Center, Kobe Tokiwa University, Nagata-ku, Kobe, Japan
3 Department of Pathology, Faculty of Medicine, Kinki University, Osaka-Sayama, Osaka,
Japan
4 Graduate School of Materials Science, Nara Institute of Science and Technology (NAIST),
Ikoma, Nara, Japan
References
[1] Takaoka Y, Ohta M, Ito A, Takamatsu K, Sugano A, Funakoshi K, Takaoka N, Sato N,
Yokozaki H, Arizono N, Goto S, Maeda E. Electroacupuncture suppresses myostatin
gene expression: cell proliferative reaction in mouse skeletal muscle. Physiol Genom‐
ics 2007; 30: 102-110.
[2] Ohta M, Sugano A, Goto S, Yusoff S, Hirota Y, Funakoshi K, Miura K, Maeda E, Ta‐
kaoka N, Sato N, Ishizuka H, Arizono N, Nishio H, Takaoka Y. Full-length sequence
of mouse acupuncture-induced 1-L (aig1l) gene including its transcriptional start site.
Evid Based Complement Alternat Med 2009; 2011: 249280.
[3] Ikemune S, Ohta M, Suzuki S, Machida M, Takemasa T, Takaoka Y, Miyamoto T.
Electroacupuncture accelerates recovery of muscle atrophy induced by hindlimb sus‐
pension in mouse skeletal muscle (in Japanese). Journal of the Japan Society of Acu‐
puncture and Moxibustion 2010; 60(4): 707-715.
[4] Ikemune S, Ohta M, Miyamoto T, Takaoka Y. Molecular Mechanisms of Inhibiting
the Muscle Atrophy by Electroacupuncture (in Japanese). The Journal of the Japanese
Society of Balneology, Climatology and Physical Medicine 2011; 74(2): 103-111.
[5] Zhang X. Acupuncture: Review and Analysis of Reports on Controlled Clinical Tri‐
als. http://apps.who.int/medicinedocs/en/d/Js4926e/ (accessed 12 August 2012)
New Technology: Femtosecond Laser May be Used for Future Acupuncture Therapy
http://dx.doi.org/10.5772/54315
229
[6] Culliton BJ. NIH says “yes” to acupuncture. Nat Med 1997; 3: 1307.
[7] Klein JL, Trachtenberg IA. Acupuncture. Current Bibliographies in Medicine 97-6
http://www.nlm.nih.gov/pubs/cbm/acupuncture.html (accessed 12 August 2012)
[8] Vogel A, Noack J, Hüttman G, Paltauf G. Mechanisms of femtosecond laser nanosur‐
gery of cells and tissues. Applied physics B 2005; 81(8): 1015-1047.
[9] Vogel A, Venugopalan V. Mechanisms of pulsed laser ablation of biological tissues.
Chem Rev 2003; 103(2): 577-644.
[10] Hosokawa Y, Yashiro M, Asahi T, Masuhara H. Photothermal conversion dynamics
in femtosecond and picosecond discrete laser etching of Cu-phthalocyanine amor‐
phous film analysed by ultrafast UV–VIS absorption spectroscopy. Journal of Photo‐
chemistry and Photobiology A: Chemistry 2001; 142: 197-207.
[11] Hosokawa Y, Takabayashi H, Miura S, Shukunami C, Hiraki Y, Masuhara H. Non‐
destructive isolation of single cultured animal cells by femtosecond laser-induced
shockwave. Applied physics A 2004; 79(4-6): 795-798.
[12] Kaji T, Ito S, Miyasaka H, Hosokawa Y, Masuhara H, Shukunami C, Hiraki Y. Non‐
destructive micropatterning of living animal cells using focused femtosecond laser-
induced impulsive force. Applied Physics Letters 2007; 91: 023904.
[13] Kuo Y, Wu C, Hosokawa Y, Maezawa Y, Okano K, Masuhara H, Kao F. Local stimu‐
lation of cultured myocyte cells by femtosecond laser-induced stress wave. Applied
Physics A 2010; 101(4): 597-600.
[14] Hagiyama M, Furuno T, Hosokawa Y, Iino T, Ito T, Inoue T, Nakanishi M, Murakami
Y, Ito A. Enhanced nerve-mast cell interaction by a neuronal short isoform of cell ad‐
hesion molecule-1. J Immunol 2011; 186(10): 5983-5992.
[15] Hosokawa Y, Hagiyama M, Iino T, Murakami Y, Ito A. Non-contact etimation of in‐
tercellular breaking force using a femtosecond laser impulse quantified by atomic
force microscopy. Proceedings of the National Academy of Sciences 2011; 108:
1777-1782.
[16] Carlson CJ, Booth FW, Gordon SE. Skeletal muscle myostatin mRNA expression is fi‐
ber-type specific and increases during hindlimb unloading. Am J Physiol 1999; 277(2
Pt 2): R601-606.
[17] Trendelenburg AU, Meyer A, Rohner D, Boyle J, Hatakeyama S, Glass DJ. Myostatin
reduces Akt/TORC1/p70S6K signaling, inhibiting myoblast differentiation and myo‐
tube size. Am J Physiol Cell Physiol 2009; 296(6): C1258-1270.
[18] Ministry of the Environment T, Japan. Standards Relating to the Care and Manage‐
ment, etc. of Experimental Animals. http://www.env.go.jp/nature/dobutsu/aigo/
2_data/nt_h180428_88.html (accessed 12 August 2012)
Acupuncture in Modern Medicine230
[19] Takaoka Y, Ohta M, Miyakawa K, Nakamura O, Suzuki M, Takahashi K, Yamamura
K, Sakaki Y. Cysteine 10 is a key residue in amyloidogenesis of human transthyretin
Val30Met. Am J Pathol 2004; 164: 337-345.
[20] Morin LG. Creatine kinase: re-examination of optimum reaction conditions. Clin
Chem 1977; 23(9): 1569-1575.
[21] Barber RD, Harmer DW, Coleman RA, Clark BJ. GAPDH as a housekeeping gene:
analysis of GAPDH mRNA expression in a panel of 72 human tissues. Physiol Ge‐
nomics 2005; 21: 389-395.
[22] Jemiolo B, Trappe S. Single muscle fiber gene expression in human skeletal muscle:
validation of internal control with exercise. Biochem Biophys Res Commun 2004; 320:
1043-1050.
[23] Ochi E, Hirose T, Hiranuma K, Min SK, Ishii N, Nakazato K. Elevation of myostatin
and FOXOs in prolonged muscular impairment induced by eccentric contractions in
rat medial gastrocnemius muscle. J Appl Physiol 2010; 108(2): 306-313.
[24] Brancaccio P, Lippi G, Maffulli N. Biochemical markers of muscular damage. Clin
Chem Lab Med 2010; 48(6): 757-767.
New Technology: Femtosecond Laser May be Used for Future Acupuncture Therapy
http://dx.doi.org/10.5772/54315
231
[6] Culliton BJ. NIH says “yes” to acupuncture. Nat Med 1997; 3: 1307.
[7] Klein JL, Trachtenberg IA. Acupuncture. Current Bibliographies in Medicine 97-6
http://www.nlm.nih.gov/pubs/cbm/acupuncture.html (accessed 12 August 2012)
[8] Vogel A, Noack J, Hüttman G, Paltauf G. Mechanisms of femtosecond laser nanosur‐
gery of cells and tissues. Applied physics B 2005; 81(8): 1015-1047.
[9] Vogel A, Venugopalan V. Mechanisms of pulsed laser ablation of biological tissues.
Chem Rev 2003; 103(2): 577-644.
[10] Hosokawa Y, Yashiro M, Asahi T, Masuhara H. Photothermal conversion dynamics
in femtosecond and picosecond discrete laser etching of Cu-phthalocyanine amor‐
phous film analysed by ultrafast UV–VIS absorption spectroscopy. Journal of Photo‐
chemistry and Photobiology A: Chemistry 2001; 142: 197-207.
[11] Hosokawa Y, Takabayashi H, Miura S, Shukunami C, Hiraki Y, Masuhara H. Non‐
destructive isolation of single cultured animal cells by femtosecond laser-induced
shockwave. Applied physics A 2004; 79(4-6): 795-798.
[12] Kaji T, Ito S, Miyasaka H, Hosokawa Y, Masuhara H, Shukunami C, Hiraki Y. Non‐
destructive micropatterning of living animal cells using focused femtosecond laser-
induced impulsive force. Applied Physics Letters 2007; 91: 023904.
[13] Kuo Y, Wu C, Hosokawa Y, Maezawa Y, Okano K, Masuhara H, Kao F. Local stimu‐
lation of cultured myocyte cells by femtosecond laser-induced stress wave. Applied
Physics A 2010; 101(4): 597-600.
[14] Hagiyama M, Furuno T, Hosokawa Y, Iino T, Ito T, Inoue T, Nakanishi M, Murakami
Y, Ito A. Enhanced nerve-mast cell interaction by a neuronal short isoform of cell ad‐
hesion molecule-1. J Immunol 2011; 186(10): 5983-5992.
[15] Hosokawa Y, Hagiyama M, Iino T, Murakami Y, Ito A. Non-contact etimation of in‐
tercellular breaking force using a femtosecond laser impulse quantified by atomic
force microscopy. Proceedings of the National Academy of Sciences 2011; 108:
1777-1782.
[16] Carlson CJ, Booth FW, Gordon SE. Skeletal muscle myostatin mRNA expression is fi‐
ber-type specific and increases during hindlimb unloading. Am J Physiol 1999; 277(2
Pt 2): R601-606.
[17] Trendelenburg AU, Meyer A, Rohner D, Boyle J, Hatakeyama S, Glass DJ. Myostatin
reduces Akt/TORC1/p70S6K signaling, inhibiting myoblast differentiation and myo‐
tube size. Am J Physiol Cell Physiol 2009; 296(6): C1258-1270.
[18] Ministry of the Environment T, Japan. Standards Relating to the Care and Manage‐
ment, etc. of Experimental Animals. http://www.env.go.jp/nature/dobutsu/aigo/
2_data/nt_h180428_88.html (accessed 12 August 2012)
Acupuncture in Modern Medicine230
[19] Takaoka Y, Ohta M, Miyakawa K, Nakamura O, Suzuki M, Takahashi K, Yamamura
K, Sakaki Y. Cysteine 10 is a key residue in amyloidogenesis of human transthyretin
Val30Met. Am J Pathol 2004; 164: 337-345.
[20] Morin LG. Creatine kinase: re-examination of optimum reaction conditions. Clin
Chem 1977; 23(9): 1569-1575.
[21] Barber RD, Harmer DW, Coleman RA, Clark BJ. GAPDH as a housekeeping gene:
analysis of GAPDH mRNA expression in a panel of 72 human tissues. Physiol Ge‐
nomics 2005; 21: 389-395.
[22] Jemiolo B, Trappe S. Single muscle fiber gene expression in human skeletal muscle:
validation of internal control with exercise. Biochem Biophys Res Commun 2004; 320:
1043-1050.
[23] Ochi E, Hirose T, Hiranuma K, Min SK, Ishii N, Nakazato K. Elevation of myostatin
and FOXOs in prolonged muscular impairment induced by eccentric contractions in
rat medial gastrocnemius muscle. J Appl Physiol 2010; 108(2): 306-313.
[24] Brancaccio P, Lippi G, Maffulli N. Biochemical markers of muscular damage. Clin
Chem Lab Med 2010; 48(6): 757-767.




Acupuncture Therapy for Clinical Conditions
Section 3
Acupuncture Therapy for Clinical Conditions
Chapter 11
The Role of Acupuncture in Pain Management
Lucy Chen
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/
1. Introduction
Acupuncture is one of the most significant components of the healthcare system in China for
more than 3,000 years. Over the last a few decades, acupuncture has garnered increasing
popularity and scrutiny in Western nations. It was reported that office visits for alternative
therapy were two times as many as the visits to primary care physicians in a nationwide survey
in 1998. The total out-of-pocket expenditures relating to alternative therapies in 1997 were
comparable to that for all US physician services, which was conservatively estimated at $27
billion [1]. This number has further increased to $33.9 billion in next 10 years [123]. Consistent
with the ever-growing demand for acupuncture, an important component of complementary/
alternative medicine, FDA classified acupuncture needles as medical equipment, subject to the
same strict standards for medical needles, syringes and surgical scalpels in 1996 [2]. The
National Institutes of Health (NIH) organized a Consensus Development Conference on
Acupuncture in 1997, which recognized that acupuncture has been extensively practiced by
medical physicians, dentists, non-MD acupuncturists, and other practitioners. One of the
reasons for patients seeking acupuncture treatment is the incidence of adverse effects is
substantially lower than that of many drugs and commonly accepted medical procedures [3].
2. Traditional Chinese acupuncture theory
In the ancient theory of Chinese medicine, the human health is maintained through a delicate
balance of two opposing but inseparable elements: Yin and Yang. Yin represents ‘cold, slow,
and passive elements’, whereas Yang represents ‘hot, exciting, and active elements’. Accord‐
ingly, the human internal “organs” are also divided into the Yin and Yang system. Health can
be achieved by maintaining the human body in a ‘balanced state of Yin and Yang’. Further‐
more, this theory stipulates that Qi (pronounced as ‘chee’) is the life force or vital energy that
© 2013 Chen; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
Chapter 11
The Role of Acupuncture in Pain Management
Lucy Chen
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/
1. Introduction
Acupuncture is one of the most significant components of the healthcare system in China for
more than 3,000 years. Over the last a few decades, acupuncture has garnered increasing
popularity and scrutiny in Western nations. It was reported that office visits for alternative
therapy were two times as many as the visits to primary care physicians in a nationwide survey
in 1998. The total out-of-pocket expenditures relating to alternative therapies in 1997 were
comparable to that for all US physician services, which was conservatively estimated at $27
billion [1]. This number has further increased to $33.9 billion in next 10 years [123]. Consistent
with the ever-growing demand for acupuncture, an important component of complementary/
alternative medicine, FDA classified acupuncture needles as medical equipment, subject to the
same strict standards for medical needles, syringes and surgical scalpels in 1996 [2]. The
National Institutes of Health (NIH) organized a Consensus Development Conference on
Acupuncture in 1997, which recognized that acupuncture has been extensively practiced by
medical physicians, dentists, non-MD acupuncturists, and other practitioners. One of the
reasons for patients seeking acupuncture treatment is the incidence of adverse effects is
substantially lower than that of many drugs and commonly accepted medical procedures [3].
2. Traditional Chinese acupuncture theory
In the ancient theory of Chinese medicine, the human health is maintained through a delicate
balance of two opposing but inseparable elements: Yin and Yang. Yin represents ‘cold, slow,
and passive elements’, whereas Yang represents ‘hot, exciting, and active elements’. Accord‐
ingly, the human internal “organs” are also divided into the Yin and Yang system. Health can
be achieved by maintaining the human body in a ‘balanced state of Yin and Yang’. Further‐
more, this theory stipulates that Qi (pronounced as ‘chee’) is the life force or vital energy that
© 2013 Chen; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
influences health. Qi is thought to flow through specific pathways in a human body, so called
meridians. Acupuncture involves the insertion of fine sterilized needles through the skin at
specific points so-called Acupoints which mostly located in the meridians. Human body
consists of 12 main meridians and 8 secondary meridians. There are also acupoints located
beyond the meridians. Since the balance of the opposing forces of Yin and Yang is considered
to be the basis for a healthy flow of qi, any imbalance would cause the disruption or blockage
the flow of qi and lead to a state of disease or pain. Acupuncture treats a state of disease or
pain through strengthening the weak qi; releasing the excessive qi or removing the blockage
from the flow of qi in order to restore the normal balance of the Yin and Yang system.
3. Research in the mechanism of acupuncture
Although acupuncture has been used for thousands of years, its mechanism remains unclear.
A large number of studies in humans and animals have demonstrated that acupuncture results
in various biological effects on peripheral or central nerve system, neurohumoral factors
neurotransmitters, and other chemical mediators.
Peripheral nervous system – Studies have showed that an intact peripheral nerve system appears
to be necessary for the analgesic effects of acupuncture, because the analgesic effects can be
abolished if the acupuncture site is affected by postherpetic neuralgia or intervened with local
anesthetics [124,125].
Central nervous system -- Earlier studies showed that Electric Acupuncture (EA) at different
frequencies could have different effects on the synthesis and release of neuropeptides, particu‐
larly synthesis of different opioid peptides in the central nervous system [11]. Moreover, an μ-
opioid receptor antagonist or antiserum against endorphin blocked acupuncture analgesia
induced by EA at 2 Hz but not at 100 Hz [12,13]. In addition, cholecystokinin-like immunoreac‐
tivity was increased within the medial thalamic area after EA [13], and EA enhanced or restored
the activity of natural killer cells suppressed by the hypothalamic lesion [14].
The development in neuroimaging techniques such as functional magnetic resonance imaging
(fMRI) and positron emission topographic (PET) scan has made it possible to further under‐
stand the acupuncture effects on human brain neuronal activity. Pain activates neuronal
activity in periaqueductal gray (PAG), thalamus, hypothalamus, somatosensory cortex, and
prefrontal cortex regions in the human brain [15], which appears to be attenuated by the
sensation of ‘de-qi’ after acupuncture [16,17]. EA, particularly at a low frequency, produced
more widespread fMRI signal changes in the anterior insula area (signal increases) as well as
in the limbic and para-limbic structures (signal increases) than manual acupuncture. These
findings are further supported by the data that different acupuncture points evoked a signal
increase or decrease in specific areas within the central nerve system, suggesting that there
might be a correlation between the effects of acupuncture and neuronal changes in the brain
[18]. Other studies have also showed that neuronal responses to EA stimulation can be
visualized in the rat primary somatosensory cortex using an optical imaging system [19]. This
process may help understand the neural mechanisms of acupuncture treatment and Meridian
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phenomena [20]. Of interest to note is that using so-called ‘Bi-digital O-ring Test Imaging
Technique’, researchers found that each meridian is connected to a representative area in the
cerebral cortex, suggesting that the meridian system defined in the theories of Chinese
medicine might overlap with distinct supraspinal regions [21].
Humoral factors and Neurotransmitters -- Scientists have found that acupuncture significantly
increases the endogenous endorphin production and this effect can be blocked by the opioid
receptor antagonist naloxone [4]. Humoral factors may mediate acupuncture analgesia by
releasing substances into the cerebrospinal fluid after acupuncture. This notion was supported
by a cross-perfusion experiment in which acupuncture-induced analgesic effects were
replicated in the recipient rabbit which were not receiving acupuncture but received the
cerebrospinal fluid from the donor rabbit with acupuncture treatment [5]. EA also has been
shown to alter the condition of polycystic ovaries induced by steroids through the modulation
of ovarian nerve growth factors [6].
In a study comparing with the sham group, EA increases the anandamide (an endogenous
canabinoid) level in inflammatory skin tissues, and local pretreatment with a specific canna‐
binoid (CB2) receptor antagonist (AM630), significantly attenuated the antinociceptive effect
of EA [7]. A presynaptic CB1 receptor likely contributes to the mechanism of the effects of EA
modulating the sympathoexcitatory reflex responses in periaqueductal gray region of the brain
by decreasing the release of gamma-aminobutyric acid (GABA, an inhibitory neurotransmit‐
ter), but not glutamate (an excitatory neurotransmitter) [8]. Animal study also showed that the
N-Methyl-D-aspartic acid (NMDA) receptor subunit (NR2B or N-methyl D-aspartate receptor
subtype 2B) was involved in the analgesic effects of EA in pain in the thyroid region by down
regulating the NR2B phosphorylation level [9]. In a clinical randomized study, the local nitric
oxide content in those subjects in acupuncture group was significantly higher than those in
the non-acupuncture group, indicating that acupuncture stimulation can up-regulate nitric
oxide content [10].
A large body of evidence indicates that acupuncture significantly affects the production and
release of neurotransmitters including epinephrine, norepinephrine, dopamine, and 5-
hydroxytryptamine [19]. Specifically, stress-induced increases in norepinephrine, dopamine,
and corticosterone were inhibited after EA, a process that could be blocked by naloxone,
suggesting that the EA effects on the release of neurotransmitters are likely to be mediated
through endogenous opioids [22]. Similar results were observed in other animal studies of
acupuncture analgesia [23-27]. The functional significance of acupuncture-induced changes in
neurotransmitters was clearly indicated in a number of studies. For instance, EA at different
frequencies (2, 10, or 100 Hz) elicited the analgesic effects and such effects could be at least
partially blocked by a serotonin receptor antagonist [28]. Many brainstem regions could be
selectively activated by EA at both 4 Hz and 100 Hz, whereas other regions could only be
activated by EA at 4 Hz [29]. Importantly, the selective supraspinal activation by EA at
difference frequencies may be related to the neurotransmitter release resulting from EA at a
particular frequency. For instance, the analgesic effect from EA at 4 Hz was mediated through
endogenous opioids [29], while the analgesic effect from EA at 2 Hz may involve substance P
as its mediator [30].
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frequencies (2, 10, or 100 Hz) elicited the analgesic effects and such effects could be at least
partially blocked by a serotonin receptor antagonist [28]. Many brainstem regions could be
selectively activated by EA at both 4 Hz and 100 Hz, whereas other regions could only be
activated by EA at 4 Hz [29]. Importantly, the selective supraspinal activation by EA at
difference frequencies may be related to the neurotransmitter release resulting from EA at a
particular frequency. For instance, the analgesic effect from EA at 4 Hz was mediated through
endogenous opioids [29], while the analgesic effect from EA at 2 Hz may involve substance P
as its mediator [30].
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Besides its effect on acupuncture analgesia, the EA-induced modulation of neurotransmitter
release may also mediate other therapeutic effects of acupuncture. There is evidence that EA
at 100Hz could protect axotomized dopaminergic neurons from degeneration by suppressing
the axotomy-induced inflammatory response [31], raising the possibility that acupuncture may
be used to treat certain neurological disorders such as Parkinson’s disease [32]. Another
example is that the excitatory effects on gastrointestinal mobility following EA or moxibustion
in rats could be abolished by serotonin inhibitors [33], suggesting that serotonin may be a
critical mediator of acupuncture regardless of its effects on gastric emptying or analgesia.
Similarly, the reduced production of nitric oxide within the gracile nucleus after acupuncture
has been considered to mediate the effect of acupuncture on reversing bradycardia [34].
4. Clinical research data on acupuncture
While acupuncture has become popular among patients and medical professionals, there is
still debate regarding its application and overall efficacy. The challenges that we faced in
clinical trials of the efficacy of acupuncture have their unique issues such as placebo controls,
crossover design, and the individualization. It is encouraging to see that more controlled,
randomize clinical studies of acupuncture have replaced the bulk of anecdotal case reports.
The increasing numbers of clinical trials on acupuncture treatments have provided more
information, particularly on the role of acupuncture in clinical pain management.
4.1. Low back pain
Chronic  low back pain is  a  very common health problem associated with high medical
expenses and disability. An estimated 70% of individuals in western countries have back
pain sometime in their lifetime. Patients with back pain account for more than $90 billion
in  health  care  expenses  every  year  [35].  Although  there  are  many  medical  treatment
options,  long-term  effects  from  these  medical  treatments  remain  limited.  Recently,
acupuncture has become one of the most frequently used alternative therapies in treating
low back pain. In a randomized, placebo-controlled clinical trial with a 9 month follow up
period, 131 patients with non-radiating low back pain for at least 6 months were divided
into  three  groups  for  treatment  of  12  weeks:  control  (only  received  physical  therapy),
acupuncture,  or  sham acupuncture  (received 20  sessions  of  either  acupuncture  or  sham
acupuncture  in  addition to  physical  therapy.  The  results  indicate  that  acupuncture  was
superior to physical therapy regarding pain intensity, pain-related disability, and psycho‐
logical distress. When compared with sham acupuncture, acupuncture was also superior
in the reduction of psychological stress [36].
In another study, the benefit from 8 weeks of acupuncture treatment on low back pain in
50 patients lasted up to 6 months in many aspects including returning to work, quality of
sleep, and reduced use of analgesics [37]. The duration of acupuncture in a single session
appeared  to  be  an  independent  parameter  to  a  treatment  outcome.  For  example,  a  30-
min  acupuncture  session  was  more  effective  than  a  15-min  session,  whereas  a  45-min
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session did not further improve the outcome [38]. Similar finding was also been found in
electrical acupuncture stimulation using percutaneously placed needles in 30-min and 45-
min durations  produced similar  improvements  in  the  visual  analog pain scale,  physical
activity, quality of sleep scores, and a reduction in the oral analgesic requirements, which
is  better  than 0  (no treatment)  or  15-min duration [39].  Of  interest  to  note  is  that  both
acupuncture  and transcutaneous electrical  stimulation (TENS)  showed significant  effects
on pain reduction, although acupuncture appeared to be more effective than TENS in the
improvement of lumbar spine range of motion [40].
In a recently conducted large study involved 1162 patients with chronic low back pain,
acupuncture therapy improved low back pain for at least 6 months. The effectiveness of
acupuncture, either verum (47.6%) or sham (44.2%), was almost twice that of conventional
therapy (27.4%) [41]. In another large-scale clinical trial, 3,093 patients with chronic low back
pain were recruited randomly into two groups: acupuncture and conventional medical care.
Back function (Hannover Functional Ability Questionnaire), pain, and quality of life were
assessed at the baseline and 3 and 6 months of duration. In addition, the cost-effectiveness was
also analyzed. The results showed that acupuncture plus routine care was associated with a
marked clinical improvement in these patients and was relatively cost-effective [42]. Overall,
the clinical practice guideline from American College of Physicians and the American Pain
Society for chronic low back pain patients recommend physicians to consider acupuncture as
an addition of nonpharmacologic therapy with proven benefits for low back pain [43, 44].
4.2. Chronic neck and shoulder pain
There are promising results on the treatment of chronic neck and shoulder pain using acu‐
puncture. In one study, the acupuncture treatment reduced chronic pain in neck and shoulders
for at least three years with a concomitant improvement in depression, anxiety, sleep quality,
pain-related activity impairment, and quality of life [39, 45, 46]. Several other clinical trials of
acupuncture on chronic neck pain with sample sizes from 115 to 177 patients also have positive
results. These studies demonstrated that acupuncture was superior to controls in reducing
neck pain and improving the overall range of motion [47-51]. Moreover, in patients with
balance disorders caused by cervical torsion after whiplash injuries, acupuncture has been
shown to be effective in treating their symptoms [52].
Another study compared the treatment effect of acupuncture combining with physical therapy
to that of acupuncture or physical therapy alone for patients with neck pain due to neck tension
syndrome. All groups showed significant improvement after 10 weeks of treatment, but the
group receiving a combination of acupuncture and physical therapy was superior in pain
reduction and function disability improvement than other groups with acupuncture or
physical therapy alone. The improvements of all groups were maintained (p < 0.05) at the 6
months of follow-up. The data suggest that acupuncture treatment may assist and/or enhance
the physiotherapy effect on musculoskeletal rehabilitation for tension neck syndrome [53].
Chronic myofascial neck pain has been frequently treated with trigger point injection either
with local anesthetics or using dry needling technique. One prospective, randomized, double-
blind, sham-controlled crossover study compared acupuncture, sham acupuncture and dry
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Besides its effect on acupuncture analgesia, the EA-induced modulation of neurotransmitter
release may also mediate other therapeutic effects of acupuncture. There is evidence that EA
at 100Hz could protect axotomized dopaminergic neurons from degeneration by suppressing
the axotomy-induced inflammatory response [31], raising the possibility that acupuncture may
be used to treat certain neurological disorders such as Parkinson’s disease [32]. Another
example is that the excitatory effects on gastrointestinal mobility following EA or moxibustion
in rats could be abolished by serotonin inhibitors [33], suggesting that serotonin may be a
critical mediator of acupuncture regardless of its effects on gastric emptying or analgesia.
Similarly, the reduced production of nitric oxide within the gracile nucleus after acupuncture
has been considered to mediate the effect of acupuncture on reversing bradycardia [34].
4. Clinical research data on acupuncture
While acupuncture has become popular among patients and medical professionals, there is
still debate regarding its application and overall efficacy. The challenges that we faced in
clinical trials of the efficacy of acupuncture have their unique issues such as placebo controls,
crossover design, and the individualization. It is encouraging to see that more controlled,
randomize clinical studies of acupuncture have replaced the bulk of anecdotal case reports.
The increasing numbers of clinical trials on acupuncture treatments have provided more
information, particularly on the role of acupuncture in clinical pain management.
4.1. Low back pain
Chronic  low back pain is  a  very common health problem associated with high medical
expenses and disability. An estimated 70% of individuals in western countries have back
pain sometime in their lifetime. Patients with back pain account for more than $90 billion
in  health  care  expenses  every  year  [35].  Although  there  are  many  medical  treatment
options,  long-term  effects  from  these  medical  treatments  remain  limited.  Recently,
acupuncture has become one of the most frequently used alternative therapies in treating
low back pain. In a randomized, placebo-controlled clinical trial with a 9 month follow up
period, 131 patients with non-radiating low back pain for at least 6 months were divided
into  three  groups  for  treatment  of  12  weeks:  control  (only  received  physical  therapy),
acupuncture,  or  sham acupuncture  (received 20  sessions  of  either  acupuncture  or  sham
acupuncture  in  addition to  physical  therapy.  The  results  indicate  that  acupuncture  was
superior to physical therapy regarding pain intensity, pain-related disability, and psycho‐
logical distress. When compared with sham acupuncture, acupuncture was also superior
in the reduction of psychological stress [36].
In another study, the benefit from 8 weeks of acupuncture treatment on low back pain in
50 patients lasted up to 6 months in many aspects including returning to work, quality of
sleep, and reduced use of analgesics [37]. The duration of acupuncture in a single session
appeared  to  be  an  independent  parameter  to  a  treatment  outcome.  For  example,  a  30-
min  acupuncture  session  was  more  effective  than  a  15-min  session,  whereas  a  45-min
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session did not further improve the outcome [38]. Similar finding was also been found in
electrical acupuncture stimulation using percutaneously placed needles in 30-min and 45-
min durations  produced similar  improvements  in  the  visual  analog pain scale,  physical
activity, quality of sleep scores, and a reduction in the oral analgesic requirements, which
is  better  than 0  (no treatment)  or  15-min duration [39].  Of  interest  to  note  is  that  both
acupuncture  and transcutaneous electrical  stimulation (TENS)  showed significant  effects
on pain reduction, although acupuncture appeared to be more effective than TENS in the
improvement of lumbar spine range of motion [40].
In a recently conducted large study involved 1162 patients with chronic low back pain,
acupuncture therapy improved low back pain for at least 6 months. The effectiveness of
acupuncture, either verum (47.6%) or sham (44.2%), was almost twice that of conventional
therapy (27.4%) [41]. In another large-scale clinical trial, 3,093 patients with chronic low back
pain were recruited randomly into two groups: acupuncture and conventional medical care.
Back function (Hannover Functional Ability Questionnaire), pain, and quality of life were
assessed at the baseline and 3 and 6 months of duration. In addition, the cost-effectiveness was
also analyzed. The results showed that acupuncture plus routine care was associated with a
marked clinical improvement in these patients and was relatively cost-effective [42]. Overall,
the clinical practice guideline from American College of Physicians and the American Pain
Society for chronic low back pain patients recommend physicians to consider acupuncture as
an addition of nonpharmacologic therapy with proven benefits for low back pain [43, 44].
4.2. Chronic neck and shoulder pain
There are promising results on the treatment of chronic neck and shoulder pain using acu‐
puncture. In one study, the acupuncture treatment reduced chronic pain in neck and shoulders
for at least three years with a concomitant improvement in depression, anxiety, sleep quality,
pain-related activity impairment, and quality of life [39, 45, 46]. Several other clinical trials of
acupuncture on chronic neck pain with sample sizes from 115 to 177 patients also have positive
results. These studies demonstrated that acupuncture was superior to controls in reducing
neck pain and improving the overall range of motion [47-51]. Moreover, in patients with
balance disorders caused by cervical torsion after whiplash injuries, acupuncture has been
shown to be effective in treating their symptoms [52].
Another study compared the treatment effect of acupuncture combining with physical therapy
to that of acupuncture or physical therapy alone for patients with neck pain due to neck tension
syndrome. All groups showed significant improvement after 10 weeks of treatment, but the
group receiving a combination of acupuncture and physical therapy was superior in pain
reduction and function disability improvement than other groups with acupuncture or
physical therapy alone. The improvements of all groups were maintained (p < 0.05) at the 6
months of follow-up. The data suggest that acupuncture treatment may assist and/or enhance
the physiotherapy effect on musculoskeletal rehabilitation for tension neck syndrome [53].
Chronic myofascial neck pain has been frequently treated with trigger point injection either
with local anesthetics or using dry needling technique. One prospective, randomized, double-
blind, sham-controlled crossover study compared acupuncture, sham acupuncture and dry
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needling of local myofascial trigger points in patients with chronic neck pain and limited
cervical spine function. Acupuncture showed better results in reducing motion-related pain
and improving range of motion [54]. For neck pain induced by cervical spondylosis, one study
enrolled 106 subjects and randomly divided these subjects into real acupuncture group and
control sham acupuncture group. The effective rate was 75.5% in the acupuncture group and
52.8% in the control group (P<0.05) [55]. To investigate the effectiveness of acupuncture in
addition to routine care as compared to routine care alone in patients with chronic neck pain,
a randomized controlled multi-center trial was conducted in Germany. A total of 14,161
patients with chronic neck pain (duration >6 months) were randomized to an acupuncture
group (1,880 subjects; 15 acupuncture sessions over 3 months) or a control group receiving no
acupuncture (1,886 subjects). In addition, 10,395 patients were included in a non-randomized
acupuncture group. The results showed a significant improvement in neck pain and disability
in the randomized acupuncture group (P<0.001). Of interest, patients in the non-randomized
acupuncture group had more severe symptoms at baseline but showed more neck pain and
disability improvement as compared to the randomized patients, suggesting a possible
placebo effect. This large scale clinic trial demonstrates that integrating acupuncture with
routine medical care in patients with chronic neck pain may result in both pain improvement
and a reduction of disability [56].
In two meta-analysis studies with 10 to 14 clinical trials included, there was moderate evidence
that acupuncture was more effective for pain relief than some types of sham controls or
inactive, sham treatments, when measured immediately after the treatment and at short-term
follow-up (pooled standardized mean differences, -0.37; 95% confidence interval, -0.61 to
-0.12). There was limited evidence that acupuncture was more effective than massage at short-
term follow-up. Overall, the short-term effectiveness and efficacy of acupuncture in the
treatment of neck pain appear to be present [57, 58]. However, the cost-effectiveness of
additional acupuncture treatment in patients with chronic neck pain as compared to patients
receiving routine care alone remains to be determined. More interestingly, another study with
a total of 3,451 patients (1,753 acupuncture-group, 1,698 control-group), acupuncture treat‐
ment was associated with higher costs over the first 3 months duration as compared to routine
care. This cost increase was mainly due to the costs of acupuncture. Private medical expenses
such as over the counter medication were not included. Beyond the 3 months study duration,
acupuncture might be associated with further health economic effects. According to interna‐
tional cost-effectiveness threshold values, the conclusion of this study is that acupuncture is a
cost-effective treatment strategy in patients with chronic neck Pain [59].
4.3. Headache
Even with the recent advancement in the diagnosis and treatment of different headache
disorders,  many  patients  with  headaches  are  still  suffering  due  to  lack  of  effective
treatment. Selective serotonin receptor agonists such as sumatriptan type medications have
effectively  treated  millions  migraine  sufferers,  there  are  still  at  least  30%  of  migraine
patients who do not respond to such treatment. Alternatively, acupuncture has become a
new modality of treatment for those patients suffering from tension headache, migraine,
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and other types of  headaches [125].  In a multi-center study,  302 patients suffering from
migraine headache were randomized into three groups (acupuncture,  minimal acupunc‐
ture and waiting list).  The trial found a significant effect of those treated with acupunc‐
ture and minimal acupuncture as compared to those on the waiting list for treatment [60].
Many other headache studies either with tension headache or migraine headache, with a
sample size  from 50 to  2,022 patients,  also showed similar  results  [61-70].  According to
international cost-effectiveness threshold values, acupuncture is a cost-effective treatment
in patients  with primary headache [71].  Moreover,  the  pediatric  patient  population also
benefits  from  this  alternative  therapy  for  headache  treatment  [72].  For  many  patients,
acupuncture not only has a similar, if  not better,  efficacy as compared with sumatriptan
in  preventing  full  migraine  attack,  acupuncture  has  unique  benefits  over  sumatriptan-
related medications because of its negligible side effects [67].
As a prophylactic measure of migraine without aura, acupuncture treatment for 2-4 months
significantly  reduced  the  number  of  migraine  attacks  comparing  to  oral  therapy  with
flunarizine [73]. In a comprehensive review, 27 clinical trials were included to evaluate the
efficacy of acupuncture in the treatment of primary headaches (migraine headache, tension
headache, and mixed forms). The result revealed that the majority of trials (23 out of 27
trials) showed favorable outcomes in the treatment of headaches using acupuncture [74].
Another review included eleven trials with 2317 participants examined whether acupunc‐
ture is a) more effective than no prophylactic treatment/routine care only; b) more effective
than 'sham' (placebo) acupuncture; and c) as effective as other interventions in reducing
headache  frequency  in  patients  with  episodic  or  chronic  tension-type  headache.  The
authors found that acupuncture treatment has statistically significant and clinically relevant
short-term (up to 3 months) benefits over control in terms of the number of headache days
and pain  intensity.  Small  but  statistically  significant  benefits  of  acupuncture  over  sham
were also found. The authors conclude that acupuncture could be a valuable non-pharma‐
cological tool in patients with frequent episodic or chronic tension-type headaches [75]. In
another systemic review of 22 trials of 4,419 participants, there is consistent evidence that
acupuncture  provides  additional  benefit  to  treatment  of  acute  migraine  attacks  as  com‐
pared  to  routine  care  only  [76].  However,  more  research  is  needed  to  investigate  the
treatment of specific tension-type headache subtypes [77].
5. Other pain conditions
Acupuncture has been used to treat many other pain conditions. Several studies have shown
that patients who received acupuncture prior to operation had a lower pain level, reduced
opioid requirement, a lower incidence of postoperative nausea and vomiting, and lower
sympathoadrenal responses [78-81]. In another study of acupuncture treatment for labor pain,
parturients who received acupuncture during labor significantly reduced the need of epidural
analgesia with a better degree of relaxation but without a negative effect on delivery as
compare with a control group [82-83]. Another active area of clinical acupuncture is the
treatment of osteoarthritis of the knee. Acupuncture has been shown to provide some im‐
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needling of local myofascial trigger points in patients with chronic neck pain and limited
cervical spine function. Acupuncture showed better results in reducing motion-related pain
and improving range of motion [54]. For neck pain induced by cervical spondylosis, one study
enrolled 106 subjects and randomly divided these subjects into real acupuncture group and
control sham acupuncture group. The effective rate was 75.5% in the acupuncture group and
52.8% in the control group (P<0.05) [55]. To investigate the effectiveness of acupuncture in
addition to routine care as compared to routine care alone in patients with chronic neck pain,
a randomized controlled multi-center trial was conducted in Germany. A total of 14,161
patients with chronic neck pain (duration >6 months) were randomized to an acupuncture
group (1,880 subjects; 15 acupuncture sessions over 3 months) or a control group receiving no
acupuncture (1,886 subjects). In addition, 10,395 patients were included in a non-randomized
acupuncture group. The results showed a significant improvement in neck pain and disability
in the randomized acupuncture group (P<0.001). Of interest, patients in the non-randomized
acupuncture group had more severe symptoms at baseline but showed more neck pain and
disability improvement as compared to the randomized patients, suggesting a possible
placebo effect. This large scale clinic trial demonstrates that integrating acupuncture with
routine medical care in patients with chronic neck pain may result in both pain improvement
and a reduction of disability [56].
In two meta-analysis studies with 10 to 14 clinical trials included, there was moderate evidence
that acupuncture was more effective for pain relief than some types of sham controls or
inactive, sham treatments, when measured immediately after the treatment and at short-term
follow-up (pooled standardized mean differences, -0.37; 95% confidence interval, -0.61 to
-0.12). There was limited evidence that acupuncture was more effective than massage at short-
term follow-up. Overall, the short-term effectiveness and efficacy of acupuncture in the
treatment of neck pain appear to be present [57, 58]. However, the cost-effectiveness of
additional acupuncture treatment in patients with chronic neck pain as compared to patients
receiving routine care alone remains to be determined. More interestingly, another study with
a total of 3,451 patients (1,753 acupuncture-group, 1,698 control-group), acupuncture treat‐
ment was associated with higher costs over the first 3 months duration as compared to routine
care. This cost increase was mainly due to the costs of acupuncture. Private medical expenses
such as over the counter medication were not included. Beyond the 3 months study duration,
acupuncture might be associated with further health economic effects. According to interna‐
tional cost-effectiveness threshold values, the conclusion of this study is that acupuncture is a
cost-effective treatment strategy in patients with chronic neck Pain [59].
4.3. Headache
Even with the recent advancement in the diagnosis and treatment of different headache
disorders,  many  patients  with  headaches  are  still  suffering  due  to  lack  of  effective
treatment. Selective serotonin receptor agonists such as sumatriptan type medications have
effectively  treated  millions  migraine  sufferers,  there  are  still  at  least  30%  of  migraine
patients who do not respond to such treatment. Alternatively, acupuncture has become a
new modality of treatment for those patients suffering from tension headache, migraine,
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and other types of  headaches [125].  In a multi-center study,  302 patients suffering from
migraine headache were randomized into three groups (acupuncture,  minimal acupunc‐
ture and waiting list).  The trial found a significant effect of those treated with acupunc‐
ture and minimal acupuncture as compared to those on the waiting list for treatment [60].
Many other headache studies either with tension headache or migraine headache, with a
sample size  from 50 to  2,022 patients,  also showed similar  results  [61-70].  According to
international cost-effectiveness threshold values, acupuncture is a cost-effective treatment
in patients  with primary headache [71].  Moreover,  the  pediatric  patient  population also
benefits  from  this  alternative  therapy  for  headache  treatment  [72].  For  many  patients,
acupuncture not only has a similar, if  not better,  efficacy as compared with sumatriptan
in  preventing  full  migraine  attack,  acupuncture  has  unique  benefits  over  sumatriptan-
related medications because of its negligible side effects [67].
As a prophylactic measure of migraine without aura, acupuncture treatment for 2-4 months
significantly  reduced  the  number  of  migraine  attacks  comparing  to  oral  therapy  with
flunarizine [73]. In a comprehensive review, 27 clinical trials were included to evaluate the
efficacy of acupuncture in the treatment of primary headaches (migraine headache, tension
headache, and mixed forms). The result revealed that the majority of trials (23 out of 27
trials) showed favorable outcomes in the treatment of headaches using acupuncture [74].
Another review included eleven trials with 2317 participants examined whether acupunc‐
ture is a) more effective than no prophylactic treatment/routine care only; b) more effective
than 'sham' (placebo) acupuncture; and c) as effective as other interventions in reducing
headache  frequency  in  patients  with  episodic  or  chronic  tension-type  headache.  The
authors found that acupuncture treatment has statistically significant and clinically relevant
short-term (up to 3 months) benefits over control in terms of the number of headache days
and pain  intensity.  Small  but  statistically  significant  benefits  of  acupuncture  over  sham
were also found. The authors conclude that acupuncture could be a valuable non-pharma‐
cological tool in patients with frequent episodic or chronic tension-type headaches [75]. In
another systemic review of 22 trials of 4,419 participants, there is consistent evidence that
acupuncture  provides  additional  benefit  to  treatment  of  acute  migraine  attacks  as  com‐
pared  to  routine  care  only  [76].  However,  more  research  is  needed  to  investigate  the
treatment of specific tension-type headache subtypes [77].
5. Other pain conditions
Acupuncture has been used to treat many other pain conditions. Several studies have shown
that patients who received acupuncture prior to operation had a lower pain level, reduced
opioid requirement, a lower incidence of postoperative nausea and vomiting, and lower
sympathoadrenal responses [78-81]. In another study of acupuncture treatment for labor pain,
parturients who received acupuncture during labor significantly reduced the need of epidural
analgesia with a better degree of relaxation but without a negative effect on delivery as
compare with a control group [82-83]. Another active area of clinical acupuncture is the
treatment of osteoarthritis of the knee. Acupuncture has been shown to provide some im‐
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provement in function and pain relief when compared with sham acupuncture or control
groups using education [84]. In addition, the benefit of acupuncture treatment in fibromyalgia
and rheumatoid arthritis is supported by several clinical trials, albeit in a small scale, suggest‐
ing that the large-scale clinical trials on these pain conditions may be warranted [85]. Similarly,
chronic lateral epicondylitis (tennis elbow) may benefit from the acupuncture treatment in part
due to the effect of acupuncture on the range of motion and reduction in pain on exertion [86].
In some cases, the effects of acupuncture on tennis elbow lasted up to one year after ten sessions
of acupuncture [87].
6. Other uses of acupuncture
Besides its analgesic effects, acupuncture has been used for the treatment of many other
conditions. For example, a number of clinical trials strongly support a therapeutic role of
acupuncture (either needle acupuncture or applying acupressure to the relevant acupoints) in
postoperative nausea and vomiting as compare with antiemetics such as droperidol and
zolfran [88-94]. An increasing number of patients are turning to acupuncture either to sup‐
plement or replace their conventional treatments for many medical conditions including
allergy, asthma, depression, anxiety, obesity, insomnia, cancer-related fatigue, premenstrual
syndrome, menopause symptoms, assist conception and infertility, spinal cord injury, quitting
smoking and detoxification from opioids or other drug addiction [95-117]. Table 1 lists a
summary published in 2002 by the World Health Organization (WHO) for clinical pain
conditions recommended for acupuncture [126].
7. Possible complications of acupuncture
Acupuncture has significantly lower complication rate comparing to many other medical
treatment. The 1997 NIH consensus panel on acupuncture stated that the documented
occurrence of adverse events in practice of acupuncture has been extremely low. The most
commonly reported complication is bruising or bleeding at the needle insertion site, followed
by the incidence of a transient vaso-vagal response. Other rare complications include infection,
dermatitis and broken needle fragments. In one prospective large-scale survey with 34,407
acupuncture treatments in the UK, no serious adverse events were reported that required
hospital admission, prolonging hospital stays, permanently disabling, or death. A total of 43
minor adverse events were reported (0.13%), including severe nausea and actual fainting,
unexpected, severe and prolonged aggravation of symptoms, prolonged and unacceptable
pain and bruising and psychological and emotional reactions [118]. Another survey conducted
in the UK with a total of 31,822 acupuncture treatments also found only 43 minor adverse
events, a rate of 14 per 10,000 treatments (0.14%). Other minor adverse events can be avoided
such as patients being left unattended, needles being left in patients, cellulites and moxa burns
[119]. When compared with medications routinely prescribed in the primary care setting,
acupuncture is a relatively safe treatment modality. However, since acupuncture is an invasive
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medical intervention, serious complications such as pneumothorax, hemathorax, internal
organ puncture, and pericardial effusion could happen if the treatment is not properly
administered [120]. Some of these more serious complications generally occur in elderly and
more fragile and debilitated patients with complex comorbidities or in the hands of less skilled
practitioners. Thus, it is imperative that the acupuncture licensing and regulation mandate the
use of standards of acupuncture training through adopting strict requirement for the knowl‐
edge of anatomy and sterile techniques.
8. Perspectives and future directions
Alone with the  popularity  of  the  acupuncture  in  recent  years,  an increasing number  of
physicians have integrated acupuncture into their practices. Many medical schools in the
USA have already added topic courses of integrated medicine [121]. One recent survey of
physicians  regarding  acupuncture  use  in  their  practice  showed  that  an  overwhelming
majority of survey responders have a positive attitude and favorable experience with using
acupuncture as an alternative modality for chronic pain management. However, the lack
of insurance coverage and facility for acupuncture treatment are two primary barriers of
acupuncture referrals.  [122].  To face the ever-growing healthcare cost  in the USA, more
health  insurance  providers  have  begun  to  emphasize  preventive  and  alternative  meas‐
ures. Third-party reimbursements for alternative therapies also have increased because of
the demand from an increasing patient population. Accordingly, the National Center for
Complementary  and  Alternative  Medicine  (NCCAM)  has  funded  a  good  number  of
research projects related to acupuncture.
In  the  face  of  the  positive  development  in  the  use  of  acupuncture  as  an  alternative
treatment  modality,  the  current  clinical  research  on  acupuncture  treatment  is  still  chal‐
lenged by a number of issues. First, although many studies on acupuncture treatment have
been published, the scientific merits of these studies may be limited by the study design
and  non-standardized  acupuncture  practices.  Second,  it  may  be  difficult  to  keep  true
blindness  to  patients  in  a  clinical  trial.  Third,  Non-specific  needling  (i.e.  placing  an
acupuncture needle at an acupoint not intended for the treatment of the condition) or sham
needling may elicit responses similar to responses to active acupuncture treatment, making
it difficult to interpret the trial results. In this regard, it will be difficult to exclude a placebo
effect  in  many  clinical  acupuncture  trials.  Fourth,  in  clinical  setting,  acupuncture  treat‐
ment is often highly individualized for a given clinical condition, which varies from one
practitioner  to  another.  As  such,  it  would  be  rather  difficult  to  compare  the  treatment
outcomes in different clinical trials if a given clinical condition were treated with various
parameters  including acupuncture  points,  needling techniques,  electrical  versus  manual,
duration of  acupuncture  in  one  session,  and between-session intervals  etc.  Nonetheless,
efforts should be made to standardize acupuncture clinical trials in order to improve the
scientific  merits  of  clinical  trials.  It  can  be  anticipated  that  complementary  medicine
including acupuncture is likely to play a growing and positive role in pain management.
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provement in function and pain relief when compared with sham acupuncture or control
groups using education [84]. In addition, the benefit of acupuncture treatment in fibromyalgia
and rheumatoid arthritis is supported by several clinical trials, albeit in a small scale, suggest‐
ing that the large-scale clinical trials on these pain conditions may be warranted [85]. Similarly,
chronic lateral epicondylitis (tennis elbow) may benefit from the acupuncture treatment in part
due to the effect of acupuncture on the range of motion and reduction in pain on exertion [86].
In some cases, the effects of acupuncture on tennis elbow lasted up to one year after ten sessions
of acupuncture [87].
6. Other uses of acupuncture
Besides its analgesic effects, acupuncture has been used for the treatment of many other
conditions. For example, a number of clinical trials strongly support a therapeutic role of
acupuncture (either needle acupuncture or applying acupressure to the relevant acupoints) in
postoperative nausea and vomiting as compare with antiemetics such as droperidol and
zolfran [88-94]. An increasing number of patients are turning to acupuncture either to sup‐
plement or replace their conventional treatments for many medical conditions including
allergy, asthma, depression, anxiety, obesity, insomnia, cancer-related fatigue, premenstrual
syndrome, menopause symptoms, assist conception and infertility, spinal cord injury, quitting
smoking and detoxification from opioids or other drug addiction [95-117]. Table 1 lists a
summary published in 2002 by the World Health Organization (WHO) for clinical pain
conditions recommended for acupuncture [126].
7. Possible complications of acupuncture
Acupuncture has significantly lower complication rate comparing to many other medical
treatment. The 1997 NIH consensus panel on acupuncture stated that the documented
occurrence of adverse events in practice of acupuncture has been extremely low. The most
commonly reported complication is bruising or bleeding at the needle insertion site, followed
by the incidence of a transient vaso-vagal response. Other rare complications include infection,
dermatitis and broken needle fragments. In one prospective large-scale survey with 34,407
acupuncture treatments in the UK, no serious adverse events were reported that required
hospital admission, prolonging hospital stays, permanently disabling, or death. A total of 43
minor adverse events were reported (0.13%), including severe nausea and actual fainting,
unexpected, severe and prolonged aggravation of symptoms, prolonged and unacceptable
pain and bruising and psychological and emotional reactions [118]. Another survey conducted
in the UK with a total of 31,822 acupuncture treatments also found only 43 minor adverse
events, a rate of 14 per 10,000 treatments (0.14%). Other minor adverse events can be avoided
such as patients being left unattended, needles being left in patients, cellulites and moxa burns
[119]. When compared with medications routinely prescribed in the primary care setting,
acupuncture is a relatively safe treatment modality. However, since acupuncture is an invasive
Acupuncture in Modern Medicine242
medical intervention, serious complications such as pneumothorax, hemathorax, internal
organ puncture, and pericardial effusion could happen if the treatment is not properly
administered [120]. Some of these more serious complications generally occur in elderly and
more fragile and debilitated patients with complex comorbidities or in the hands of less skilled
practitioners. Thus, it is imperative that the acupuncture licensing and regulation mandate the
use of standards of acupuncture training through adopting strict requirement for the knowl‐
edge of anatomy and sterile techniques.
8. Perspectives and future directions
Alone with the  popularity  of  the  acupuncture  in  recent  years,  an increasing number  of
physicians have integrated acupuncture into their practices. Many medical schools in the
USA have already added topic courses of integrated medicine [121]. One recent survey of
physicians  regarding  acupuncture  use  in  their  practice  showed  that  an  overwhelming
majority of survey responders have a positive attitude and favorable experience with using
acupuncture as an alternative modality for chronic pain management. However, the lack
of insurance coverage and facility for acupuncture treatment are two primary barriers of
acupuncture referrals.  [122].  To face the ever-growing healthcare cost  in the USA, more
health  insurance  providers  have  begun  to  emphasize  preventive  and  alternative  meas‐
ures. Third-party reimbursements for alternative therapies also have increased because of
the demand from an increasing patient population. Accordingly, the National Center for
Complementary  and  Alternative  Medicine  (NCCAM)  has  funded  a  good  number  of
research projects related to acupuncture.
In  the  face  of  the  positive  development  in  the  use  of  acupuncture  as  an  alternative
treatment  modality,  the  current  clinical  research  on  acupuncture  treatment  is  still  chal‐
lenged by a number of issues. First, although many studies on acupuncture treatment have
been published, the scientific merits of these studies may be limited by the study design
and  non-standardized  acupuncture  practices.  Second,  it  may  be  difficult  to  keep  true
blindness  to  patients  in  a  clinical  trial.  Third,  Non-specific  needling  (i.e.  placing  an
acupuncture needle at an acupoint not intended for the treatment of the condition) or sham
needling may elicit responses similar to responses to active acupuncture treatment, making
it difficult to interpret the trial results. In this regard, it will be difficult to exclude a placebo
effect  in  many  clinical  acupuncture  trials.  Fourth,  in  clinical  setting,  acupuncture  treat‐
ment is often highly individualized for a given clinical condition, which varies from one
practitioner  to  another.  As  such,  it  would  be  rather  difficult  to  compare  the  treatment
outcomes in different clinical trials if a given clinical condition were treated with various
parameters  including acupuncture  points,  needling techniques,  electrical  versus  manual,
duration of  acupuncture  in  one  session,  and between-session intervals  etc.  Nonetheless,
efforts should be made to standardize acupuncture clinical trials in order to improve the
scientific  merits  of  clinical  trials.  It  can  be  anticipated  that  complementary  medicine
including acupuncture is likely to play a growing and positive role in pain management.
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1. Introduction
Acupuncture combines the Latin acus (needle) and punctum (a prick) [1]. From the historical
record of Huangdi Neijin (the Yellow Emperor’s Classic), acupuncture has been used in China
as a therapeutic tool for at least 2000 years [2]. In ancient China, soldiers noted, after being
wounded by arrows, that their pain often eased for quite a while [3]. Therefore, a cause-and-
effect relationship was assumed between the arrow wound and the unexpected diminution of
pain. However, acupuncture has been little known in the Western world until 1970s after U.S.
President Nixon’s historic visit to China in 1972 [4]. Following the initial excitement engen‐
dered by the press reports [5], acupuncture becomes one of the most popular treatments in
alternative medicine (Figure 1), and accounts for more than 10 million treatments given
annually in the United States [6]. Much interest was further engendered by tales by subsequent
visitors to China who witnessed surgical operations being successfully performed on con‐
scious patients under acupunctural anesthesia [7-15]. Scientific studies using modern technol‐
ogy on acupuncture actually began in China in the late 1950s with further progress being made
since the discovery of endogenous opioids in 1975 [2,16]. Much more advances have been made
in more recent years in further understanding of the basic mechanisms underlying this
millennium old medical treatment and its various clinical applications in the 21st century. This
chapter reviews the current role of acupuncture in cardiology.
2. Hypercholesterolemia
Electro-acupuncture at “Fenglong” (ST 40) has some therapeutic effect on decreasing the
content of total cholesterol and low-density-lipoprotein cholesterol in hyperlipidemic rats and
improving the gene expression of ATP-binding cassette transporter A1, peroxisome prolifer‐
ator-activated receptor alpha, liver X receptor alpha and retinoid X receptor-alpha mRNA, so
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as to promote reverse cholesterol transport [17]. Furthermore, real-time PCR and western blot
indicate that electroacupuncture at ST 40 induces the expression of nNOS and Mt1, two genes
involved in NO signal transduction [18]. Acupuncture treatment for hypercholesterolemia
thus involves the modulation of several biological pathways and provides a physiological link
between NO signal transduction and the cholesterol-lowering effect of acupuncture [18].
3. Coronary artery disease
The effectiveness of acupuncture in treatment of angina has been well documented [19-21]. Its
antianginal effect has been shown to be secondary to an antiischemic effect, which in turn is
due to a decrease in heart rate and blood pressure and reduction in left ventricular afterload
[22], a reduction in myocardial oxygen consumption, and a redistribution of coronary blood
flow [23], myocardial release of β-endorphin [24], coronary vasodilatation [25], and increase
in coronary collateral circulation [26]. Acupoint pressing has been shown to alleviate angina
faster (2.45 +/- 1.67 min) than sublingual nitroglycerin (2.89 +/- 2.64 min) [27]. Transmyocardial
acupuncture has also been used as a novel approach to myocardial revascularization [28,29],
although its rationale has been questioned [30].
Acupuncture has been successfully used to improve microcirculation and left ventricular
function in acute myocardial infarction [31-33]. Animal studies demonstrated that electro-
acupuncture could decrease the ST-segment elevation in ECG and reduce the infarct size
following coronary ligation [34], although a recent study on rats failed to show a cardiopro‐








Figure 1. A) An acupuncture manikin showing the location of the various acupoints along the meridians; (B) a com‐
plete set of acupuncture needles.
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arrhythmias [35]. Acupuncture has also been successfully employed to terminate nausea and
vomiting [36] and intractable hiccup [37] complicating acute myocardial infarction.
4. Cardiac arrhythmias
Acupuncture has been employed to treat both experimental [38-40] and clinical arrhythmias.
The latter included ventricular extrasystoles [41,42], sinus bradycardia [43], atrial fibrillation
[44,45], decreased heart rate variability [46,47,48,49,50] and sudden death [51]. In the treatment
of paroxysmal atrial fibrillation and atrial flutter, acupuncture at Neiguan, Shenmen, and
Danzhong is more effective than intravenous amiodarone (conversion rate: 85% vs 67%, p<0.01;
conversion time:39.6+/-13.7 min vs 50.1+/-14.8 min, p<0.01)[52]. Acupuncture at Neiguan,
Shenmen and Xinshu also can prevent recurrences of atrial fibrillation after cardioversion in
patients with persistent atrial fibrillation [53]. The advantage of acupuncture in treating atrial
fibrillation is obvious, because it does not have any of the untoward effect of pharmacotherapy
or ablation. Atrial fibrillation is the most common cardiac arrhythmia, and anxiety plays a
significant role in either its initiation or its perpetuation [54]. Because acupuncture is very
effective in treating anxiety, this therapeutic modality warrants further investigation as a
promising therapeutic option.
A recently published systematic review of randomized controlled trials failed to provide
conclusive evidence in support of acupuncture treatment for cardiac arrhythmias [55].
Furthermore, electro-acupuncture may interfere with demand pacemakers [56], although one
recent case report from Greece indicated its safety [57]. Electo-acupuncture may also trigger
inappropriate ICD discharges [58,59]. Therefore, extreme caution should be employed when
electro-acupuncture is prescribed for patients with pacemakers and/or ICDs, and each patient
should be considered individually with great care.
5. Congestive heart failure
In a Chinese echocardiographic study of patients with congestive heart failure due to dilated
cardiomyopathy under maintenance doses of conventional drugs, including digitalis, diuretics
and potassium supplements, acupuncture resulted in an increase in stroke volume [60].
Because patients with heart failure have increased sympathetic activity and acupuncture
produces release of endogenous opioids in the central nervous system which would inhibit
central sympathetic outflow, sympathetic activation during acute mental stress was markedly
attenuated [61] or virtually eliminated [62] after acupuncture. This may explain why ear
acupuncture has been used in treating chronic heart failure, because one of the acupuncture
points stimulated by the needle in the ear corresponds to the closest position of the vagus nerve
to the cutaneous surface (vide infra), and electrical vagus nerve stimulation has been advocated
for patients with advanced heart failure [63].
Acupuncture may become an additional therapeutic strategy to improve the exercise tolerance
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The German researchers from the University Hospital of Heidelberg found a remarkable
increase in 6-minute walk distance, improvement in ventilatory efficiency and post-exercise
recovery, and increase in heart rate variability, despite a lack of improvement of the cardiac
ejection fraction and peak oxygen uptake [64]. They recommended that further research be
carried out to understand the beneficial mechanisms of acupuncture – in particular, its effects
on neurohormonal balance and production of inflammatory cytokines [64].
In patients with chronic heart failure, acupuncture may reduce digitoxicity by regulating
intracellular Ca++, improving the function of Ca++-ATPase in the sarcoplasmic reticulum, and
increasing the calcium sensitivity of cardiac troponin [65]. These considerations may provide
a novel clue for attenuating the toxicity of digitalis preparations given to patients with chronic
heart failure.
6. Hypertension
Experimental studies have shown that acupuncture inhibits the reflex-induced hypertension
by modulating the activity of cardiovascular parasympathetic neurons in the rostral ventro‐
lateral medulla [66]. Activation of neurons in the arcuate nucleus of the hypothalamus,
ventrolateral periaqueductal gray in the midbrain, and medullary nucleus raphé pallidus in
the medulla by acupuncture can inhibit the activity of premotor sympathetic neurons in the
rostral ventrolateral medulla. Glutamate, acetylcholine, opioids, gamma-aminobutyric acid,
nociceptin, serotonin, nitric oxide and endocannabinoids in the brain all appear to participate
in the antihypertensive response of acupuncture (Figure 2)[66]. Other possible mechanisms
include decreases in plasma renin [67, 68], plasma neuropeptide Y [69], aldosterone [70] and
angiotensin II activity [71,72]; increased excretion of sodium [73,74]; changes in plasma
norepinephrine [75], serotonin [75] and endorphin levels [76,77]; and lowering of blood
viscosity [75,78].
However, the Stop Hypertension with the Acupuncture Research Program (SHARP) pilot trial
concluded that acupuncture provided no greater benefit than invasive sham acupuncture in
controlling moderate hypertension [79]. Further research is obviously required to determine
whether acupuncture can enhance clinical management of hypertension if used in combination
with antihypertensive agents, over longer periods, or among specific subgroups of patients.
7. Stroke
Stroke should be considered as a coronary artery disease risk equivalent [80]. Acupuncture
has useful applications in both the acute and chronic phases of a stroke. In ischemic stroke,
acupuncture increases local cerebral blood flow as determined by single photon emission
computed tomography [81] and near-infrared spectroscopy [82]. In rats with ischemic stroke,
acupuncture has been shown to promote angiogenesis [83]. Acupuncture at Baihui and
Fengchi is more effective than nimopidine in relieving cerebral vasospasm after embolization
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of ruptured aneurysms in subarachnoid hemorrhage [84]. In a recent publication from
Shanghai [85], the authors reviewed the progress of researches on the mechanism of acupunc‐
ture underlying improvement of acute cerebral hemorrhage from experimental studies and
research methods. The effects of acupuncture mainly involve (1) lessening inflammatory
reactions, (2) reducing impairment of free radicals and excitatory amino acids on cerebral
neurons, (3) balancing release of vascular bioactive substances to increase regional cerebral
blood flow, and (4) promoting repair and regeneration of the neural tissue. In regard to the
research methods, many new biological techniques such as biological molecular approaches,
neuro-cellular chemical methods, reverse transcription-polymerase chain reaction (RT-PCR)
or quantitative real-time PCR, situ hybridization, western blotting, and electron microscopy
Figure 2. Neuroendocrine modulation of blood pressure by acupuncture. Abbreviations: GABA, γ-aminobutyric acid;
5HT, 5-hydroxytryptamine or serotonin; NO, nitric oxide; IML, intermediolateral column of the spinal cord. From Ref
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have been extensively applied to researches on the underlying mechanisms of acupuncture
therapy for cerebral infarction. In addition, the authors also pointed out that, in spite of
achieving some greater progresses in experimental studies, most of the results basically reflect
static, isolated and regional changes rather than dynamic and whole body changes. For these
reasons, the authors recommended more in vivo research techniques and noninvasive research
methods in the investigation of the underlying mechanisms of acupuncture therapy for acute
cerebral ischemia [85].
Acupuncture has also been used successfully for post-stroke motor rehabilitation [86],
behavioral recovery [87], aphasia [88], dysphasia [89], dysphagia [90], cognition disorders [91],
depression [92], and urinary incontinence and urinary tract infection [93].
8. Smoking cessation
Cigarette smoking is prevalent in China; 67% of men [94] and 40% of male physicians [95] are
smokers. It is a major cause of death in China and a principal cause of coronary heart disease
in China [96]. In addition, secondhand smoke exposure (52% of nonsmokers in China are
exposed to tobacco smoke for at least 15 minutes daily for >1 day per week [97]) was responsible
for increased mortality due to coronary heart disease, ischemic stroke, lung cancer and chronic
obstructive pulmonary disease in a recently published 17-year cohort study in China [98].
Another recently completed Chinese population study, the Kailuan community study, showed
smoking cessation to be one of the seven key components of an essential population-wide
strategy to reduce cardiovascular disease [99]. Although a 2012-15 blueprint on chronic disease
prevention and control released by the Chinese Ministry of Health on May 21, 2012 set goals
of reducing the adult smoking rate to below 25% among other goals [100], I have serious doubts
as to how successful the Chinese Health Ministry’s effort will be [101]. Nevertheless, any
effective measure in curtailing cigarette smoking should be actively and urgently pursued.
Acupuncture has been found in a recently published review of smoking cessation intervention
studies in China to yield a much higher abstinence rate than pharmacotherapy or counseling
[102]. This observation was confirmed by two recently published meta-analyses of randomized
controlled trials [103,104]. It has been postulated that, by increasing the levels of endorphin,
enkephalin, epinephrine, norepinephrine, serotonin, and dopamine in the central nervous
system and plasma, acupuncture provides the smoker with a deterioration in the taste of
smoking, a decrease in the desire of smoking, and the obstruction of psychological symptoms
resulting from smoking cessation [105]. The latest theory is that one of the acupuncture points
stimulated by the acupuncture needle in the ear corresponds to the closest position of the vagus
nerve to the cutaneous surface. Therefore, by stimulating this point, the acupuncturist blocks
the outflow of withdrawal symptoms coming from the parasympathetic nervous system
through the vagus nerve. However, more studies are needed to determine whether acupunc‐
ture is as efficacious as, or even more so than, pharmacotherapies.
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9. Diabetes
Diabetes is associated with a marked increase in the risk of coronary artery disease, so much
so that patients with diabetes shuld be treated as if they have existing coronary artery disease
[106,107,108,109]. As a matter of fact, diabetes should be considered as a coronary artery
disease equivalent [95,110]. The prevalence of diabetes is rising [108]. The main reasons for the
rising prevalence of diabetes are smoking and obesity, which are certainly true for China
[111,112]. A recent study from the University of North Carolina School of Global Public Health,
using data from the China Health and Nutrition Survey, the longest ongoing study of its kind
in China, reported that Chinese teenagers have a rate of diabetes nearly four to five times
greater than their counterparts in the United States (1.9% vs 0.5% for boys and 0.4% for girls)
[113]. Although acupuncture has been advocated for treatment of obesity (vide infra), a recent
review of the literature questioned its validity owing to small sample size and low methodol‐
ogy quality of the studies [114].
On the other hand, acupuncture has been found to be effective in the management of patients
with diabetes, by causing the release of endogenous opioid peptides such as β-endorphin from
adrenal gland and thereby enhancing insulin secretion [115]. A recent literature review showed
acupuncture to be effective in lowering blood glucose in both humans and rats [115]. Ear
acupuncture in 45 diabetics in Peking University of Shenzhen Hospital, Shenzhen, Guangdong
Province, China resulted in significant improvement in fasting plasma glucose, blood glucose
load after 2-hour 75 gm oral glucose tolerance test and glycosylated hemoglobin [116]. Two
recent studies from Beijing, China on patients with impaired glucose tolerance reported similar
improvement in these parameters following electro-acupuncture, thus confirming its effec‐
tiveness in the prevention and treatment of diabetes at the early stage [117,118]. Another study
from Nanjing, China reported acupuncture to be effective in lowering fasting blood leptin
level, which may contribute to its clinical effect in improving diabetes [119]. Electro-acupunc‐
ture has also been used successfully for the treatment of diabetic peripheral neuropathy in rats
[120] as well as in patients [121], although the quality of reports about randomized controlled
trials is moderate to low [122]. Finally, acupuncture has been used in treating urinary tract
infection in diabetic patients [123].
10. Obesity
Obesity is another risk factor for coronary artery disease, hypertension, chronic heart failure,
stroke and diabetes [124]. It is increasing in prevalence worldwide, especially in developing
countries like China [95,125,126]. Two recent systematic reviews, one published in 2009 [127]
and the other in 2012 [114], both suggested that acupuncture is an effective treatment for
obesity, with fewer adverse effects of the various dieting plans and Western anti-obesity drugs.
A recent study in obese rats showed that electro-acupuncture led to a reduction of body weight,
decrease in the plasma leptin levels, and an increase in leptin receptor expression in the
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smoking, a decrease in the desire of smoking, and the obstruction of psychological symptoms
resulting from smoking cessation [105]. The latest theory is that one of the acupuncture points
stimulated by the acupuncture needle in the ear corresponds to the closest position of the vagus
nerve to the cutaneous surface. Therefore, by stimulating this point, the acupuncturist blocks
the outflow of withdrawal symptoms coming from the parasympathetic nervous system
through the vagus nerve. However, more studies are needed to determine whether acupunc‐
ture is as efficacious as, or even more so than, pharmacotherapies.
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9. Diabetes
Diabetes is associated with a marked increase in the risk of coronary artery disease, so much
so that patients with diabetes shuld be treated as if they have existing coronary artery disease
[106,107,108,109]. As a matter of fact, diabetes should be considered as a coronary artery
disease equivalent [95,110]. The prevalence of diabetes is rising [108]. The main reasons for the
rising prevalence of diabetes are smoking and obesity, which are certainly true for China
[111,112]. A recent study from the University of North Carolina School of Global Public Health,
using data from the China Health and Nutrition Survey, the longest ongoing study of its kind
in China, reported that Chinese teenagers have a rate of diabetes nearly four to five times
greater than their counterparts in the United States (1.9% vs 0.5% for boys and 0.4% for girls)
[113]. Although acupuncture has been advocated for treatment of obesity (vide infra), a recent
review of the literature questioned its validity owing to small sample size and low methodol‐
ogy quality of the studies [114].
On the other hand, acupuncture has been found to be effective in the management of patients
with diabetes, by causing the release of endogenous opioid peptides such as β-endorphin from
adrenal gland and thereby enhancing insulin secretion [115]. A recent literature review showed
acupuncture to be effective in lowering blood glucose in both humans and rats [115]. Ear
acupuncture in 45 diabetics in Peking University of Shenzhen Hospital, Shenzhen, Guangdong
Province, China resulted in significant improvement in fasting plasma glucose, blood glucose
load after 2-hour 75 gm oral glucose tolerance test and glycosylated hemoglobin [116]. Two
recent studies from Beijing, China on patients with impaired glucose tolerance reported similar
improvement in these parameters following electro-acupuncture, thus confirming its effec‐
tiveness in the prevention and treatment of diabetes at the early stage [117,118]. Another study
from Nanjing, China reported acupuncture to be effective in lowering fasting blood leptin
level, which may contribute to its clinical effect in improving diabetes [119]. Electro-acupunc‐
ture has also been used successfully for the treatment of diabetic peripheral neuropathy in rats
[120] as well as in patients [121], although the quality of reports about randomized controlled
trials is moderate to low [122]. Finally, acupuncture has been used in treating urinary tract
infection in diabetic patients [123].
10. Obesity
Obesity is another risk factor for coronary artery disease, hypertension, chronic heart failure,
stroke and diabetes [124]. It is increasing in prevalence worldwide, especially in developing
countries like China [95,125,126]. Two recent systematic reviews, one published in 2009 [127]
and the other in 2012 [114], both suggested that acupuncture is an effective treatment for
obesity, with fewer adverse effects of the various dieting plans and Western anti-obesity drugs.
A recent study in obese rats showed that electro-acupuncture led to a reduction of body weight,
decrease in the plasma leptin levels, and an increase in leptin receptor expression in the




might be one of the molecular mechanisms underlying the reduction of body weight in diet-
induced obese rats by electro-acupuncture treatment [128]. Another human study reported in
2010 found that laser acupuncture exerted a therapeutic effect on simple obesity by reducing
both body weight and body mass index [129]. However, the amount of evidence is not fully
convincing, because of the small sample size and poor methodological quality of all the
reported trials to date.
11. Acupunctural anesthesia for cardiac surgery
The most amazing application of acupuncture is acupunctural anesthesia. Skeptics who deny
that acupunctural anesthesia can work have suggested that acupuncture is nothing more than
an effective use of hypnosis or autosuggestion. I was also a skeptic until I witnessed with my
own eyes several operative procedures performed on conscious patients under acupunctural
anesthesia including those with acquired valvular and congenital heart diseases (Figures 3 and
4). Being a native-born Chinese, I was able to communicate directly with the patients, without
going through any interpreters, who may either inadvertently or deliberately omit or distort
any actual expressions from the patients, to find out what discomfort they might experience
during the procedures. Of course, I was not the only physician who was impressed by cardiac
surgery under acupunctural anesthesia. Other well-known surgeons around the world, such
as DeBakey from the United States [130], Hollinger et al from Germany [131], and Caracausi
from Italy [132] were too.
Acupuncture also has a cardioprotective effect as a pretreatment on patients undergoing heart
valve replacement. Cardiac ischemia-reperfusion injury after cardiopulmonary bypass often
contributes to postoperative morbidity and mortality in patients undergoing heart valve
replacement. A randomized controlled trial, which was reported from Xi’an, China in 2010,
showed that electro-acupuncture pretreatment significantly reduced overall serum troponin
I release at 6 hours, 12 hours and 24 hours after aortic cross-clamping removal [133]. Mean‐
while, electroacupuncture pretreatment also reduced the inotrope score at 12 hours, 24 hours,
and 48 hours after the intensive care unit arrival and shortened intensive care unit stay time
(p<0.05)[133]. The cardioprotective effect of transcutaneous electric acupoint stimulation was
further confirmed recently in the pediatric cardiac patients with congenital heart disease [134].
After its initial enthusiasm in China in the 1970s, in the subequent years acupunctural
anesthesia for open heart surgery gradually became less and less frequently used throughout
China, because of its limitations and disadvantages [3,135]. Fortunately, with recent modifi‐
cation of the technique by combining acupuncture with conscious sedation, Zhou et al [135]
were able to demonstrate its effectiveness again. This modification, which will be discussed
bodes well for the future of acupunctural anesthesia for cardiac surgery, not only because of
its sound physiological principles, simplicity in clinical application, significant benefit to the
patient and favorable cost effectiveness, but also for its positive impact on healthcare cost.
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12. Adverse effects and complications
Although acupuncture is extremely safe, adverse effects and sometimes serious complications













Figure 3. A man undergoing a closed transventricular mitral commissurotomy under acupunctural anesthesia in a
hospital in Shanghai. (A) Patient fully awake and comfortable; (B) Patient smiling during the procedure; (C) Patient
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[139], cardiac tamponade [138,140], pneumothorax [141] and AIDS [138,142]. However,
infective endocarditis and AIDS are not due to acupuncture per se, but to the unsterile
technique that was employed during acupuncture. Hundreds of thousands of acupuncturists
worldwide perform millions of acupuncture procedures per year [143]. Considering the small
number of reported complications in the literature, acupuncture is very safe indeed
[143,144,145,146,147]. As a matter of fact, the recent report of the successful use of electro-
acupuncture for treatment of arthritis in a patient with a total artificial heart is further
testimonial to its safety [148].
13. Conclusion
Acupuncture has a definite place in cardiology. When performed by trained acupuncturists,
it is safe, effective, cost-effective, and widely available. As more research evidence for acu‐
puncture efficacy, including the application of functional magnetic resonance imaging
technique in recent years [149], becomes available, it will be possible to increase physician
knowledge and change attitudes towards acupuncture [150,151], as it was so predicted by the
NIH Consensus Development Panel on Acupuncture convened a decade and a half ago [152].
When incorporated into conventional health care as an integrated approach, the future of this
ancient Chinese therapeutic modality is bright. As a matter of fact, acupuncture should prove
to be an attractive alternative to Western medicine in the current era of cost containment in
healthcare [153]. Although Western medicine may be preferred in the management of some
acute cardiac conditions, such as acute myocardial infarction or malignant arrhythmias,
Figure 4. A child fully awake and comfortable while undergoing open heart surgical closure of a ventricular septal
defect under acupunctural anesthesia. Photograph taken by the author during his 1972 visit to China.
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traditional Chinese medicine, of which acupuncture is an essential component, has a definite
place in the management of various subacute and chronic cardiovascular disorders and risk
factors. However, a recent systematic review showed that, in acute low back pain, acupuncture
appears to be actually more effective than drugs for symptomatic improvement [154]. There‐
fore, more registered high-quality clinical trials need to be continued worldwide on this 2,000+-
year-old ancient Chinese therapy [155].
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1. Introduction
Acupuncture is a traditional Chinese medicine technique that involves inserting and manip‐
ulating filiform needles in predefined points on the skin (i.e., acupuncture points) to achieve
therapeutic effect. Although studies have not been able to fully explain the mechanism of
acupuncture, it has been proposed that acupuncture worked through its effect on neuro‐
transmitters and neurohormones. [1, 2]
Acupuncture points can be stimulated in various ways. With manual acupuncture, the fili‐
form acupuncture needle is inserted in an acupuncture point and manually rotated to stimu‐
late the point. With electroacupuncture, acupuncture points are stimulated by passing
electrical current through inserted needles. Electrical current may also be passed through an
electrode on the skin without inserting acupuncture needles, a technique called noninvasive
electrostimulation. Acupressure is a form of modified acupuncture that replaces needles with
physical pressure generated with either a finger or device such as an embedded stud in an
elastic wrist band.
Acupuncture and acupuncture point stimulation have been widely used as a complementa‐
ry therapy to treat wide range of illnesses by many patients, especially cancer patients.
Growing evidence suggests that acupuncture is beneficial for cancer pain, chemotherapy-in‐
duced nausea, vomiting, and may be beneficial for symptoms such as radiation therapy-in‐
duced xerostomia, fatigue, hot flashes, depression, anxiety, and insomnia. This chapter
provides an overview of the role of acupuncture in alleviating cancer patients’ symptoms,
with focus on the scientific evidence behind the practice.
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2. Acupuncture to treat cancer pain
Cancer pain is the most common and one of the most distressing and feared symptoms
among cancer patients. It is estimated that up to two thirds of patients with metastatic can‐
cer suffered from cancer related pain.[3] More than 75% of hospitalized oncology patients
experienced cancer related pain.[4-6] Due to its importance, pain is often referred to as the
fifth vital sign of oncology patients. Cancer pain varies both by types of malignancy, and
sites of cancer involvement.[7] The majority of cancer pain is caused by direct effect of can‐
cer as a result of visceral involvement, bony metastasis, soft tissue invasion, or infiltration to
the nerve or nerve plexus.[8] Cancer treatments such as chemotherapy, radiation and sur‐
gery may also cause treatment-induced cancer pain.
Cancer pain has traditionally been treated with opioids and interventional anesthetic or neu‐
rosurgical procedures. Despite maximal use of pain medications and application of inter‐
ventional procedures, a significant portion of cancer patients still suffer from pain. In
addition, the undesired side effects of long term usage of opioid pain medication, particular‐
ly change of mental status, constipation, nausea, fear of dependence, could be an issue. As a
result, cancer patients often seek help in complementary alternative medicine, including
acupuncture in an attempt to control their pain.
Even though acupuncture has been widely used among oncology patients to control cancer
pain, the role of acupuncture in controlling cancer pain has not been clearly established
through well-designed clinical trials. Many clinical trials suffered from methodological
flaws such as poor study design, small sample size and lack of statistical analysis.[11] As a
result, two recent Cochrane systematic reviews of randomized controlled clinical trials on
the role of acupuncture to treat cancer pain showed no strong evidence for the effectiveness
of acupuncture in reducing cancer pain. Another Cochrane systematic review assessed the
value of Transcutaneous Electrical Nerve Stimulation (TENS) in the management of cancer-
related pain in adults and remained inconclusive due to lack of suitable RCTs.[14]
On the other hand, a number of recent well-designed Randomized Controlled Trials (RCTs)
have been conducted to study the role of acupuncture in treating cancer pain and are sum‐
marized in table 1.[15-23] Among them, four RCTs studied the efficacy of different types of
acupuncture in controlling postoperative pain and presented mixed results. Deng et al’s
RCT on 106 cancer patients experiencing post-thoracotomy pain showed no statistical differ‐
ence between the real versus sham acupuncture groups in patient’s pain scores measured by
Brief Pain Inventory at the 30-, 60-, and 90 days follow-ups.[15] The efficacy of the unique
intradermal needles used in this study was questionable. Wong et al’s smaller RCT (N=27)
showed a trend of lower Visual Analog Scale (VAS) pain scores in patients receiving electro‐
acupuncture when compared to patients receiving sham acupuncture on post-operative
days 2 and 6; and a statistically significant lower cumulative dose of Patient Controlled An‐
algesia (PCA) on postop day 2 (p < 0.05).[16] This study was, however, limited by its small
sample size. Mehling et al’s RCT (N=93) compared acupuncture plus massage therapy with
usual care in controlling postoperative pain, nausea, vomiting and depressive moods.[17] It
showed that postop acupuncture and massage in addition to usual care significantly im‐
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proved pain control when compared to usual care alone. Lastly, Pfister et al’s study showed
that four weekly acupuncture treatments significantly reduced pain and improved function
in cancer patients with chronic pain or dysfunction due to neck dissection than standard
care alone.[24] However, with no sham therapy group in the last two studies, it is difficult to
tease out the placebo effect, and leave the question that if the professionally trained acu‐
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Table 1. Summary of Randomized Control Trials on Acupuncture for Cancer Pain Relief
There have been a number of clinical  trials showing the effect  of  acupuncture in reduc‐
ing neuropathic pain in cancer patients. Among them, one clinical trial showed the effec‐
tiveness  of  auricular  acupuncture  in  treating  cancer  treatment  induced  neuropathy.[19]
This  was  a  randomized,  blinded,  controlled  trial  conducted  on  90  cancer  patients  with
peripheral  or  central  neuropathic  pain  arising after  cancer  treatment.  The patients  were
randomized into one of three arms. One arm received real auricular acupuncture at real
ear acupuncture points, which is defined as points where the electrodermal signal is be‐
ing detected. The other two arms were placebo arms. The second arm received real  au‐
ricular  acupuncture  at  the  placebo  points.  The  third  arm  received  sham  acupuncture
through auricular seeds at the placebo points.[19] All patients received two courses of re‐
al or placebo auricular acupuncture in two months,  one month apart.  The needles were
left in place until they fell out or were removed at a follow up appointment. Their pain
intensity  measured  by  VAS  at  the  end  of  the  second  month  was  used  to  measure  the
treatment efficacy.  This  study showed that  in the group that  received real  acupuncture,
pain intensity decreased by 36% at  the end of  2  months when compared with baseline,
whereas  it  only  decreased  by  2%  in  the  placebo  groups  (P  <  0.0001).[19  A  recent  acu‐
puncture versus best medical care to treat peripheral neuropathy study showed that 76%
patients in the acupuncture group had improvement in symptoms and nerve conduction
studies whereas only 15% in the best medical care group did.[26] In addition, this study
showed  full  correlation  between  the  improvement  in  symptoms  and  nerve  conduction
studies.[26]  Lastly,  a  recent  randomized  controlled  clinical  trial  demonstrated  that  acu‐
puncture  significantly  reduced  aromatase  inhibitor-associated  joint  pain  and  stiffness
than sham acupuncture.[27]
These studies suggest that acupuncture may be a valuable alternative modality within a
comprehensive program of cancer pain management. With minimal side effects reported,
acupuncture remains a viable option for patients suffering from cancer pain. Further re‐
search should focus on using rigorous scientific methodology and an effective protocol
based on a sound, evidence-based rationale.
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2. Acupuncture to treat cancer therapy induced nausea and vomiting
Chemotherapy-Induced Nausea and Vomiting (CINV) is one of the most common and
feared treatment-related side effects among patients with cancer. As a result, nutritional sta‐
tus, quality of life, and treatment adherence may be severely compromised in patients.[28]
Over the past 20 years, better understanding of the physiology of CINV and the subsequent
development of modern pharmacologic antiemetic agents have substantially improved the
control of CINV. However, study suggests that CINV remains a significant problem among
these patients.[29]
CINV can either be acute, delayed, or anticipatory. Acute CINV occurs within 24 hours of
chemotherapy, usually beginning within 2 to 4 hours and peaking in the first 4 to 6 hours.
[30] Delayed CINV occurs from day 2 to 6 of chemotherapy.[30] Anticipatory CINV occurs
before chemotherapy treatments in patients who have previously experienced significant
CINV.[30] Most antiemetic research focuses on reducing acute and delayed CINV, with the
understanding that this would result in better control of anticipatory CINV. Despite recent
advances in pharmacologic antiemetic therapy, additional treatment for breakthrough CINV
is needed. Several randomized controlled clinical trials suggested the efficacy of acupunc‐
ture in controlling this side effect.
A meta-analysis of 11 RCTs on 1247 cancer patients with CINV showed that the proportion
of acute vomiting episodes was significantly lower in the acupuncture point stimulation
group than the control group (22% vs. 31%, p=0.04). Those trials, however, did not show that
acupuncture significantly alleviate acute chemotherapy-induced nausea or delayed CINV.
[35,36] The clinical relevance of these results were limited by the fact that those clinical trials
predated the use of aprepitant and that only 1 or 2 acupuncture points were stimulated dur‐
ing acupuncture treatment. More clinical trials to study the effect of acupuncture with addi‐
tional antiemetic acupuncture points in adjunct to modern pharmacologic antiemetic
therapy are needed.
In addition to acupuncture, acupressure has been demonstrated to effectively reduce CINV.
In a single-arm prospective study on 100 metastatic solid tumor patients experiencing per‐
sistent CINV despite standard antiemetic agents, 68% of patients’ emetic symptoms im‐
proved after being treated with acupressure at PC6 point.[33] A RCT on 160 breast cancer
patients who experienced moderate nausea during previous chemotherapy cycles and were
getting ready to begin their 2nd or 3rd cycle of chemotherapy showed that acupressure at PC6
through a wrist device significantly decreased the amount of delayed vomiting and the in‐
tensity of nausea over time when compared with placebo acupressure and usual care
groups.[34] The authors concluded that acupressure was safe and effective for cancer pa‐
tients to manage delayed CINV and should be offered to breast cancer patients during che‐
motherapy. [34]
There has been a number of RCTs studying the effect of acupuncture in reducing Radiation-
Induced Nausea and Vomiting (RINV), and showed that even though there is no statistically
significant difference between real and sham acupuncture, both treatments were significant‐
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ing detected. The other two arms were placebo arms. The second arm received real  au‐
ricular  acupuncture  at  the  placebo  points.  The  third  arm  received  sham  acupuncture
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left in place until they fell out or were removed at a follow up appointment. Their pain
intensity  measured  by  VAS  at  the  end  of  the  second  month  was  used  to  measure  the
treatment efficacy.  This  study showed that  in the group that  received real  acupuncture,
pain intensity decreased by 36% at  the end of  2  months when compared with baseline,
whereas  it  only  decreased  by  2%  in  the  placebo  groups  (P  <  0.0001).[19  A  recent  acu‐
puncture versus best medical care to treat peripheral neuropathy study showed that 76%
patients in the acupuncture group had improvement in symptoms and nerve conduction
studies whereas only 15% in the best medical care group did.[26] In addition, this study
showed  full  correlation  between  the  improvement  in  symptoms  and  nerve  conduction
studies.[26]  Lastly,  a  recent  randomized  controlled  clinical  trial  demonstrated  that  acu‐
puncture  significantly  reduced  aromatase  inhibitor-associated  joint  pain  and  stiffness
than sham acupuncture.[27]
These studies suggest that acupuncture may be a valuable alternative modality within a
comprehensive program of cancer pain management. With minimal side effects reported,
acupuncture remains a viable option for patients suffering from cancer pain. Further re‐
search should focus on using rigorous scientific methodology and an effective protocol
based on a sound, evidence-based rationale.
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tus, quality of life, and treatment adherence may be severely compromised in patients.[28]
Over the past 20 years, better understanding of the physiology of CINV and the subsequent
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chemotherapy, usually beginning within 2 to 4 hours and peaking in the first 4 to 6 hours.
[30] Delayed CINV occurs from day 2 to 6 of chemotherapy.[30] Anticipatory CINV occurs
before chemotherapy treatments in patients who have previously experienced significant
CINV.[30] Most antiemetic research focuses on reducing acute and delayed CINV, with the
understanding that this would result in better control of anticipatory CINV. Despite recent
advances in pharmacologic antiemetic therapy, additional treatment for breakthrough CINV
is needed. Several randomized controlled clinical trials suggested the efficacy of acupunc‐
ture in controlling this side effect.
A meta-analysis of 11 RCTs on 1247 cancer patients with CINV showed that the proportion
of acute vomiting episodes was significantly lower in the acupuncture point stimulation
group than the control group (22% vs. 31%, p=0.04). Those trials, however, did not show that
acupuncture significantly alleviate acute chemotherapy-induced nausea or delayed CINV.
[35,36] The clinical relevance of these results were limited by the fact that those clinical trials
predated the use of aprepitant and that only 1 or 2 acupuncture points were stimulated dur‐
ing acupuncture treatment. More clinical trials to study the effect of acupuncture with addi‐
tional antiemetic acupuncture points in adjunct to modern pharmacologic antiemetic
therapy are needed.
In addition to acupuncture, acupressure has been demonstrated to effectively reduce CINV.
In a single-arm prospective study on 100 metastatic solid tumor patients experiencing per‐
sistent CINV despite standard antiemetic agents, 68% of patients’ emetic symptoms im‐
proved after being treated with acupressure at PC6 point.[33] A RCT on 160 breast cancer
patients who experienced moderate nausea during previous chemotherapy cycles and were
getting ready to begin their 2nd or 3rd cycle of chemotherapy showed that acupressure at PC6
through a wrist device significantly decreased the amount of delayed vomiting and the in‐
tensity of nausea over time when compared with placebo acupressure and usual care
groups.[34] The authors concluded that acupressure was safe and effective for cancer pa‐
tients to manage delayed CINV and should be offered to breast cancer patients during che‐
motherapy. [34]
There has been a number of RCTs studying the effect of acupuncture in reducing Radiation-
Induced Nausea and Vomiting (RINV), and showed that even though there is no statistically
significant difference between real and sham acupuncture, both treatments were significant‐
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ly more effective than standard care alone in reducing the frequency and severity of RINV
(table 2). Over 90% patients in both treatment groups believed that acupuncture has been
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Table 2. Summary of Randomized Control Trials on Acupuncture for the Relief of radiation induced nausea and
vomiting
These studies suggest that acupuncture and acupressure are effective in reducing cancer
treatment-induced nausea and vomiting in cancer patients. Most studies were conducted on
break through CINV after the patients failed conventional anti-emetic medication. Further
research needs to be conducted to determine if the combination of antiemetics and P6 acu‐
point stimulation works better than each component alone. Indeed, an animal study showed
that combination therapy of electroacupuncture (EA) at P6 acupoint with ondansetron, dro‐
peridol or metoclopramide prevented emesis more significantly than EA or any of the medi‐
cations alone.[37] These data suggested that EA and anti-emetic medication work
synergistically.
3. Acupuncture to treat cancer fatigue
Fatigue is a common symptom in patients with cancer and a frequent side effect of chemo
and radiation therapy, with no effective treatment exists. Several prospective pilot studies
have suggested that acupuncture may benefit patients suffering from cancer fatigue (table
3). These studies were limited by their small sample size, but have provided encouraging
information for further lare sample sized RCTs.
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Table 3. Summary of Pilot Studies on Acupuncture for Cancer Fatigue
Among these pilot studies, Molassiotis et al’s pilot three-arm RCT was the most telling. In
this trial, 47 cancer patients experiencing moderate to severe cancer fatigue were random‐
ized into three groups: acupuncture (n = 15), acupressure (n = 16), and sham acupressure (n
= 16). Patients in the acupuncture group received six 20-minute acupuncture sessions over
two weeks, whereas patients in the two acupressure groups were taught to massage real
versus sham acupuncture points daily for two weeks. [38] The Multidimensional Fatigue In‐
ventory was used to assess their responses at baseline, week 2 and week 4 follow up. At the
end of week two, general fatigue, physical fatigue, activity, and motivation significantly im‐
proved in the acupuncture and acupressure groups when compared to baseline.[38] At the
end of week 2, fatigue level improved by 36% in the acupuncture group, 19% in the acupres‐
sure group and 0.6% in the control group. Moreover, the improvement maintained at the
week 4 follow-up.[38] Acupuncture was found to be a more effective method than acupres‐
sure or sham acupressure. The authors concluded that acupuncture showed great potential
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peridol or metoclopramide prevented emesis more significantly than EA or any of the medi‐
cations alone.[37] These data suggested that EA and anti-emetic medication work
synergistically.
3. Acupuncture to treat cancer fatigue
Fatigue is a common symptom in patients with cancer and a frequent side effect of chemo
and radiation therapy, with no effective treatment exists. Several prospective pilot studies
have suggested that acupuncture may benefit patients suffering from cancer fatigue (table
3). These studies were limited by their small sample size, but have provided encouraging
information for further lare sample sized RCTs.
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Table 3. Summary of Pilot Studies on Acupuncture for Cancer Fatigue
Among these pilot studies, Molassiotis et al’s pilot three-arm RCT was the most telling. In
this trial, 47 cancer patients experiencing moderate to severe cancer fatigue were random‐
ized into three groups: acupuncture (n = 15), acupressure (n = 16), and sham acupressure (n
= 16). Patients in the acupuncture group received six 20-minute acupuncture sessions over
two weeks, whereas patients in the two acupressure groups were taught to massage real
versus sham acupuncture points daily for two weeks. [38] The Multidimensional Fatigue In‐
ventory was used to assess their responses at baseline, week 2 and week 4 follow up. At the
end of week two, general fatigue, physical fatigue, activity, and motivation significantly im‐
proved in the acupuncture and acupressure groups when compared to baseline.[38] At the
end of week 2, fatigue level improved by 36% in the acupuncture group, 19% in the acupres‐
sure group and 0.6% in the control group. Moreover, the improvement maintained at the
week 4 follow-up.[38] Acupuncture was found to be a more effective method than acupres‐
sure or sham acupressure. The authors concluded that acupuncture showed great potential
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to manage cancer-related fatigue and should be tested further with larger sample size and
multi-center RCT. [38]
In  addition  to  treating  cancer  fatigue,  pilot  study  has  also  suggested  the  effect  of  acu‐
puncture  in  preventing  radiation-induced  fatigue.  A  single-arm  acupuncture  trial  con‐
ducted  on  16  cancer  patients  undergoing  radiation  showed  that  12  acupuncture
treatment  during  radiation  resulted  in  a  stable  average  fatigue  score  during  radiation
therapy  and  87%  patients  reported  either  stable  or  improved  fatigue  during  radiation.
[39] These findings invite further research to study the role of acupuncture in preventing
the development of cancer fatigue.
These pilot clinical trials encourages further large sample sized randomized controlled trials
to evaluate the effect of acupuncture on treating and preventing fatigue in cancer patients.
4. Acupuncture to treat hot flashes in cancer patients
Vasomotor symptoms (hot flashes, night sweats) are common complaints among breast can‐
cer survivors. These symptoms are usually the result of breast cancer related treatment such
as chemotherapy-induced menopause or estrogen deprivation therapy. Management of hot
flashes among breast cancer survivors is challenging as the most effective treatment, hor‐
mone replacement therapy, is associated with increased risk of breast cancer recurrence and
development of new breast cancer. Acupuncture shows promise as a therapeutic approach
for hot flashed with minimal side effects. The role of acupuncture in reducing hot flashes in
women with breast cancer has been studied in a number of well-designed RCTs (table 4).
In 2007, Deng et al reported results from a randomized, sham-controlled trial on the effect of
acupuncture in treating breast cancer patients who experienced three or more hot flashes
per day.[40] Seventy-two women were randomized to 8 sessions (4 weeks biweekly) real
versus sham acupuncture. The primary end point was hot flash frequency at week 6. Pa‐
tients randomized to the sham acupuncture arm were crossed over to receive real acupunc‐
ture at week 7 and were evaluated 6 weeks later. All patients were also evaluated at 6
months. The investigators reported that the mean number of hot flashes per day at week 6
changed from 8.7 to 6.2 in the real acupuncture arm, and from 10.0 to 7.6 in the sham acu‐
puncture arm. The difference between real and sham acupuncture arm was not statistically
significant (p = 0.3). When patients in the sham acupuncture arm were crossed over to re‐
ceive real acupuncture, their hot flash frequency further reduced from 7.6 to 5.8. The reduc‐
tion in hot flashes in all patients persisted during the 6 months follow up (real acupuncture
arm down to 6.1 per day and sham acupuncture arm to 6.8 per day). The authors concluded
that acupuncture reduced hot flash frequency as it was reduced significantly in both treat‐
ment arms, even though there was no statistically significant difference between real versus
sham acupuncture.[40] Importantly, only fourteen minor adverse events, such as mild
bleeding and bruising that did not require medical intervention were reported from the 560
acupuncture sessions.[40] Similar results were demonstrated in other RCT studying the ef‐
fect of acupuncture to treat hot flashes in perimenopausal women.[41]
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Table 4. Summary of Randomized Control Trials on Acupuncture for hot flashes in breast cancer patients
In 2008, Hervik et al reported another randomized, sham acupuncture-controlled trial on the
effect of acupuncture in treating breast cancer patients suffering from hot flashes following
at least 3 months tamoxifen.[42] Fifty-nine women were randomized to 15 sessions (5 weeks
biweekly followed by 5 weeks weekly) real versus sham acupuncture. The authors meas‐
ured mean number of hot flashes at baseline, at the end of the treatment period, and 12
weeks after treatment to assess the treatment effect. They reported that at the end of the
treatment period, mean number of daytime hot flashes reduced significantly from 9.5 to 4.7
(p=0.001) in the real acupuncture arm, and from 12.3 to 11.7 (p=0.382) in the sham acupunc‐
ture arm. At 12 weeks follow up, further reduction was observed in real acupuncture arm
(from 4.7 to 3.2) but not in sham acupuncture arm (from 11.7 to 12.1). A similar pattern was
observed in night-time hot flashes as the number of hot flashes reduced from 6 to 2.6 in the
real acupuncture arm and from 7.2 to 5.4 in the sham acupuncture arm at the end of the
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to manage cancer-related fatigue and should be tested further with larger sample size and
multi-center RCT. [38]
In  addition  to  treating  cancer  fatigue,  pilot  study  has  also  suggested  the  effect  of  acu‐
puncture  in  preventing  radiation-induced  fatigue.  A  single-arm  acupuncture  trial  con‐
ducted  on  16  cancer  patients  undergoing  radiation  showed  that  12  acupuncture
treatment  during  radiation  resulted  in  a  stable  average  fatigue  score  during  radiation
therapy  and  87%  patients  reported  either  stable  or  improved  fatigue  during  radiation.
[39] These findings invite further research to study the role of acupuncture in preventing
the development of cancer fatigue.
These pilot clinical trials encourages further large sample sized randomized controlled trials
to evaluate the effect of acupuncture on treating and preventing fatigue in cancer patients.
4. Acupuncture to treat hot flashes in cancer patients
Vasomotor symptoms (hot flashes, night sweats) are common complaints among breast can‐
cer survivors. These symptoms are usually the result of breast cancer related treatment such
as chemotherapy-induced menopause or estrogen deprivation therapy. Management of hot
flashes among breast cancer survivors is challenging as the most effective treatment, hor‐
mone replacement therapy, is associated with increased risk of breast cancer recurrence and
development of new breast cancer. Acupuncture shows promise as a therapeutic approach
for hot flashed with minimal side effects. The role of acupuncture in reducing hot flashes in
women with breast cancer has been studied in a number of well-designed RCTs (table 4).
In 2007, Deng et al reported results from a randomized, sham-controlled trial on the effect of
acupuncture in treating breast cancer patients who experienced three or more hot flashes
per day.[40] Seventy-two women were randomized to 8 sessions (4 weeks biweekly) real
versus sham acupuncture. The primary end point was hot flash frequency at week 6. Pa‐
tients randomized to the sham acupuncture arm were crossed over to receive real acupunc‐
ture at week 7 and were evaluated 6 weeks later. All patients were also evaluated at 6
months. The investigators reported that the mean number of hot flashes per day at week 6
changed from 8.7 to 6.2 in the real acupuncture arm, and from 10.0 to 7.6 in the sham acu‐
puncture arm. The difference between real and sham acupuncture arm was not statistically
significant (p = 0.3). When patients in the sham acupuncture arm were crossed over to re‐
ceive real acupuncture, their hot flash frequency further reduced from 7.6 to 5.8. The reduc‐
tion in hot flashes in all patients persisted during the 6 months follow up (real acupuncture
arm down to 6.1 per day and sham acupuncture arm to 6.8 per day). The authors concluded
that acupuncture reduced hot flash frequency as it was reduced significantly in both treat‐
ment arms, even though there was no statistically significant difference between real versus
sham acupuncture.[40] Importantly, only fourteen minor adverse events, such as mild
bleeding and bruising that did not require medical intervention were reported from the 560
acupuncture sessions.[40] Similar results were demonstrated in other RCT studying the ef‐
fect of acupuncture to treat hot flashes in perimenopausal women.[41]
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Table 4. Summary of Randomized Control Trials on Acupuncture for hot flashes in breast cancer patients
In 2008, Hervik et al reported another randomized, sham acupuncture-controlled trial on the
effect of acupuncture in treating breast cancer patients suffering from hot flashes following
at least 3 months tamoxifen.[42] Fifty-nine women were randomized to 15 sessions (5 weeks
biweekly followed by 5 weeks weekly) real versus sham acupuncture. The authors meas‐
ured mean number of hot flashes at baseline, at the end of the treatment period, and 12
weeks after treatment to assess the treatment effect. They reported that at the end of the
treatment period, mean number of daytime hot flashes reduced significantly from 9.5 to 4.7
(p=0.001) in the real acupuncture arm, and from 12.3 to 11.7 (p=0.382) in the sham acupunc‐
ture arm. At 12 weeks follow up, further reduction was observed in real acupuncture arm
(from 4.7 to 3.2) but not in sham acupuncture arm (from 11.7 to 12.1). A similar pattern was
observed in night-time hot flashes as the number of hot flashes reduced from 6 to 2.6 in the
real acupuncture arm and from 7.2 to 5.4 in the sham acupuncture arm at the end of the
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treatment period, with further reduction in the real acupuncture arm (from 2.6 to 1.7) but
not sham acupuncture arm (from 5.4 to 6.1) at the 12 weeks follow up. The difference be‐
tween the real and sham acupuncture arms was statistically significant (p <0.001). The au‐
thors concluded that acupuncture provided effective relief from hot flashes in breast cancer
patients suffering from hot flashes while taking tamoxifen.[42] The evidence generated from
these two trials suggests that acupuncture effectively decreases hot flashes frequency, al‐
though it is not clear whether it is superior to sham acupuncture.
In addition, another clinical trial compared the effects of electro-acupuncture (EA) with hor‐
monal therapy in breast cancer survivors with vasomotor symptoms and showed that in the
19 out of 27 women who completed 12 weeks of EA treatment, the number of hot flashes
significantly reduced from 9.6 per day to 4.3 per day. The improvement persisted at month
12 follow up.[43] In the hormonal treatment group, the median hot flashes number dropped
from 6.6 at baseline to 0 at week 12. Although flushes decreased less in the EA group than in
the HT group, HRQoL improved at least to the same extent. It suggests that EA should be
further evaluated as treatment for women with breast cancer and climacteric complaints,
since HT is no longer recommended for breast cancer survivors. [43]
Lastly, in 2010, Walker et al reported another RCT comparing the effect of acupuncture with
venlafaxine in treating vasomotor symptoms in breast cancer patients suffering from greater
than 13 hot flashes per week.[44] Changes in hot flash frequency from baseline to 3, 6, 9 and
12 month follow up were used as the primary outcome. Fifty patients were randomized to
12 weeks (biweekly for 4 weeks, followed by weekly for 8 weeks) of acupuncture versus dai‐
ly venlafaxine (37.5mg for one week, then 75 mg for 11 weeks). The investigators observed a
significant reduction in hot flashes frequency and severity in both groups. In addition, two
weeks after treatments were stopped, those randomized to venlafaxine reported increased
in hot flash frequency, whereas the acupuncture group remained at low level of hot flashes.
There was no significant difference between acupuncture arm and venlafaxine arm. There
were 18 reported adverse events (i.e. nausea, dizziness, headache) in the venlafaxine arm
and none in the acupuncture arm. The authors concluded that acupuncture appears as effec‐
tive as venlafaxine and is a safe and durable treatment option for breast cancer patients ex‐
periencing vasomotor symptoms.[44]
A systematic review of six RCTs showed further research is needed to determine whether
acupuncture produces specific effects that alleviate hot flashes in patients with breast can‐
cer.[45] Lastly, hot flashes are also common side effects of hormonal therapy for prostate
cancer patients. A pilot study showed that when 25 prostate cancer patients receiving andro‐
gen deprivation therapy (ADT) were treated with electroacupuncture biweekly for 4 weeks,
then weekly for 6 weeks 9 out of 22 evaluable patients (41% ) had >50% reduction in the hot
flash score at week 4, and 12 patients(55%) had clinically significant reduction in hot flashes
during the treatment course, and none had a significant increase in hot flashes during thera‐
py.[46] This pilot study provided promising preliminary data to further study the role of
acupuncture in treating hot flashes in prostate cancer patients.
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5. Acupuncture to treat and prevent xerostomia
Xerostomia, or dry mouth, is caused by the dysfunction of parotid glands damaged by radi‐
ation therapy and is considered a significant factor underlying dysphasia. Patients with xe‐
rostomia lose their taste and have difficulty speaking and swallowing. Several pilot clinical
studies suggest that acupuncture may improve xerostomia symptoms caused by radiation
therapy in patients who have head and neck cancers.[47-50] In addition, one clinical case
series, seven xerostomia patients treated with acupuncture reported increase in salivary
flow and ability to eat and speak.[51] Another study showed that after 12 session of acu‐
puncture during 6 weeks, 12 patients with severe xerostomia had statistically significant im‐
provement in salivary flow rates on both subjective and objective evaluations.[52]
Since then, a number of RCTs have been conducted to study the effect of acupuncture in
treating and preventing radiation-induced xerostomia and are summarized in table 5. One
study showed that even though both real and sham acupuncture increased the whole saliva‐
ry flow rate with no significant difference between the two groups, it was only the real acu‐
puncture that markedly increased the unstimulated salivary flow rates.[54] Moreover, real
acupuncture significantly improved the dry mouth score when compared to sham acupunc‐
ture control.[54]
There has been a number of RCTs studying the effect of acupuncture in preventing xerosto‐
mia in head/neck patients undergoing radiotherapy. One study randomized 23 patients with
nasopharygeal carcinoma to real acupuncture (N=11) and sham acupuncture (N=12) with
three times/week treatment during radiation therapy. [55] Starting from week 3, xerostomia
symptoms were significantly better in the real acupuncture group than sham acupuncture
group, however, there was no significant difference in salivary flow rate. [55] The same
group of investigators concurrently conducted another RCT that used standard care alone as
control and showed that xerostomia symptoms was significantly better in the acupuncture
group than standard care group starting in week 3 during radiation therapy through 6
months follow up. Interestingly, there was statistically significant greater saliva flow in the
acupuncture group at week 7, 11 and 6 month follow up than in the standard care group.
[56] Similar findings of acupuncture increased salivary flow when compared to standard
care were reported in a smaller sample sized RCT.[57]
As exciting as these results were a recent systematic review on the preventive and therapeu‐
tic effect of acupuncture for radiation-Induced xerostomia in patients with head and neck
cancer reported that because of the significant variation among the existing RCTs, meta-
analysis was not possible. In the RCTs used placebo (sham acupuncture) control, no signifi‐
cant differences were noted between the two treatments with regard to increasing salivary
flow. It was important to note that no significant side effects were reported due to acupunc‐
ture. The authors concluded that there was insufficient evidence available to judge if acu‐
puncture is more effective than sham acupuncture in treating xerostomia and further
research is needed.[58]
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treatment period, with further reduction in the real acupuncture arm (from 2.6 to 1.7) but
not sham acupuncture arm (from 5.4 to 6.1) at the 12 weeks follow up. The difference be‐
tween the real and sham acupuncture arms was statistically significant (p <0.001). The au‐
thors concluded that acupuncture provided effective relief from hot flashes in breast cancer
patients suffering from hot flashes while taking tamoxifen.[42] The evidence generated from
these two trials suggests that acupuncture effectively decreases hot flashes frequency, al‐
though it is not clear whether it is superior to sham acupuncture.
In addition, another clinical trial compared the effects of electro-acupuncture (EA) with hor‐
monal therapy in breast cancer survivors with vasomotor symptoms and showed that in the
19 out of 27 women who completed 12 weeks of EA treatment, the number of hot flashes
significantly reduced from 9.6 per day to 4.3 per day. The improvement persisted at month
12 follow up.[43] In the hormonal treatment group, the median hot flashes number dropped
from 6.6 at baseline to 0 at week 12. Although flushes decreased less in the EA group than in
the HT group, HRQoL improved at least to the same extent. It suggests that EA should be
further evaluated as treatment for women with breast cancer and climacteric complaints,
since HT is no longer recommended for breast cancer survivors. [43]
Lastly, in 2010, Walker et al reported another RCT comparing the effect of acupuncture with
venlafaxine in treating vasomotor symptoms in breast cancer patients suffering from greater
than 13 hot flashes per week.[44] Changes in hot flash frequency from baseline to 3, 6, 9 and
12 month follow up were used as the primary outcome. Fifty patients were randomized to
12 weeks (biweekly for 4 weeks, followed by weekly for 8 weeks) of acupuncture versus dai‐
ly venlafaxine (37.5mg for one week, then 75 mg for 11 weeks). The investigators observed a
significant reduction in hot flashes frequency and severity in both groups. In addition, two
weeks after treatments were stopped, those randomized to venlafaxine reported increased
in hot flash frequency, whereas the acupuncture group remained at low level of hot flashes.
There was no significant difference between acupuncture arm and venlafaxine arm. There
were 18 reported adverse events (i.e. nausea, dizziness, headache) in the venlafaxine arm
and none in the acupuncture arm. The authors concluded that acupuncture appears as effec‐
tive as venlafaxine and is a safe and durable treatment option for breast cancer patients ex‐
periencing vasomotor symptoms.[44]
A systematic review of six RCTs showed further research is needed to determine whether
acupuncture produces specific effects that alleviate hot flashes in patients with breast can‐
cer.[45] Lastly, hot flashes are also common side effects of hormonal therapy for prostate
cancer patients. A pilot study showed that when 25 prostate cancer patients receiving andro‐
gen deprivation therapy (ADT) were treated with electroacupuncture biweekly for 4 weeks,
then weekly for 6 weeks 9 out of 22 evaluable patients (41% ) had >50% reduction in the hot
flash score at week 4, and 12 patients(55%) had clinically significant reduction in hot flashes
during the treatment course, and none had a significant increase in hot flashes during thera‐
py.[46] This pilot study provided promising preliminary data to further study the role of
acupuncture in treating hot flashes in prostate cancer patients.
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5. Acupuncture to treat and prevent xerostomia
Xerostomia, or dry mouth, is caused by the dysfunction of parotid glands damaged by radi‐
ation therapy and is considered a significant factor underlying dysphasia. Patients with xe‐
rostomia lose their taste and have difficulty speaking and swallowing. Several pilot clinical
studies suggest that acupuncture may improve xerostomia symptoms caused by radiation
therapy in patients who have head and neck cancers.[47-50] In addition, one clinical case
series, seven xerostomia patients treated with acupuncture reported increase in salivary
flow and ability to eat and speak.[51] Another study showed that after 12 session of acu‐
puncture during 6 weeks, 12 patients with severe xerostomia had statistically significant im‐
provement in salivary flow rates on both subjective and objective evaluations.[52]
Since then, a number of RCTs have been conducted to study the effect of acupuncture in
treating and preventing radiation-induced xerostomia and are summarized in table 5. One
study showed that even though both real and sham acupuncture increased the whole saliva‐
ry flow rate with no significant difference between the two groups, it was only the real acu‐
puncture that markedly increased the unstimulated salivary flow rates.[54] Moreover, real
acupuncture significantly improved the dry mouth score when compared to sham acupunc‐
ture control.[54]
There has been a number of RCTs studying the effect of acupuncture in preventing xerosto‐
mia in head/neck patients undergoing radiotherapy. One study randomized 23 patients with
nasopharygeal carcinoma to real acupuncture (N=11) and sham acupuncture (N=12) with
three times/week treatment during radiation therapy. [55] Starting from week 3, xerostomia
symptoms were significantly better in the real acupuncture group than sham acupuncture
group, however, there was no significant difference in salivary flow rate. [55] The same
group of investigators concurrently conducted another RCT that used standard care alone as
control and showed that xerostomia symptoms was significantly better in the acupuncture
group than standard care group starting in week 3 during radiation therapy through 6
months follow up. Interestingly, there was statistically significant greater saliva flow in the
acupuncture group at week 7, 11 and 6 month follow up than in the standard care group.
[56] Similar findings of acupuncture increased salivary flow when compared to standard
care were reported in a smaller sample sized RCT.[57]
As exciting as these results were a recent systematic review on the preventive and therapeu‐
tic effect of acupuncture for radiation-Induced xerostomia in patients with head and neck
cancer reported that because of the significant variation among the existing RCTs, meta-
analysis was not possible. In the RCTs used placebo (sham acupuncture) control, no signifi‐
cant differences were noted between the two treatments with regard to increasing salivary
flow. It was important to note that no significant side effects were reported due to acupunc‐
ture. The authors concluded that there was insufficient evidence available to judge if acu‐
puncture is more effective than sham acupuncture in treating xerostomia and further
research is needed.[58]
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showed improved salivary flow rates
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Table 5. Summary of Randomized Control Trials on Acupuncture for Xerostomia
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6. Acupuncture to treat other cancer or cancer treatment-related
symptoms
6.1. Depression and insomnia
Acupuncture has been reported to reduce depression and improve sleep quality. There has
not been extensive research conducted in this area. One recent RCT on 80 cancer patients
suffering from cancer related depression and sleep disorder showed that acupuncture was
more effective than fluoxetine in reducing depression and improving sleep quality.[59] Fur‐
ther study is warranted.
6.2. Dysphagia
Dysphagia is a common side effect from chemoradiation therapy (CRT) in patients with
head and neck cancer (HNC). In a retrospective case series, 10 patients with HNC were
treated with weekly acupuncture for radiation-induced dysphagia and xerostomia. Ninety
percent patients reported subjective improvement and 86% Percutaneous Endoscopic Gas‐
trostomy (PEG)-tube dependent patients had their PEG-tube removed after acupuncture
treatments.[60] The same group of researchers are conducting a randomized, sham acupunc‐
ture controlled clinical trial on 42 squamous cell carcinoma HNC patients to study the effect
of acupuncture in treating dysphagia in HNC patients after chemoradiation.[61]
6.3. Dyspnea
Dyspnea is one of the most distressing symptoms experienced by end stage cancer patients.
Pharmacologic management has proven yet limited benefit. Additional treatments are need‐
ed. Anecdotally, acupuncture has helped patients to breathe better. A pilot RCT on 47 lung
and breast cancer patients, however, failed to show that.[62] Further study is needed.
6.4. Lymphedema
Lymphedema is a distressing symptom among cancer patients, especially breast cancer pa‐
tients, with no effective treatment. There have been a number of observational studies show‐
ing the feasibility, safety and efficacy of acupuncture in reducing lymphedema in cancer
patients.[63-66] Among them, one pilot study on 9 breast cancer patients with chronic lym‐
phedema showed that 4 women had greater or equal to 30% reduction in the extent of lym‐
phedema after 4 weeks biweekly acupuncture treatments. Importantly, no serious side effect
from acupuncture was reported.[65]
7. Discussion
This chapter summarized the current practice and clinical research on acupuncture for can‐
cer patients. It is important to note that with the use of acupuncture being more and more
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accepted by cancer patients and oncologists, there have been an increasing number of well-
designed clinical trials to support the practice. These trials have shown that there have been
minimal side effects associated with acupuncture. When compared to standard care alone,
acupuncture is superior in reducing both subjective and objective symptoms. However,
when compared to placebo control (usually sham acupuncture), the benefit of acupuncture
became less obvious. This may be due to the fact that sham acupuncture also has physiologi‐
cal effects. Indeed, one study already showed that both real and sham acupuncture signifi‐
cantly reduced patients’ serum cortisol concentration.[67] Despite that the majority of RCTs
showed no significant difference between real and sham acupuncture, acupuncture has been
used more often by cancer patients in the clinical setting. This is mainly because of its mini‐
mal side effect and potential significant benefit. Further research needs to be conducted to
study the mechanism of acupuncture and identify the population that may benefit most
from acupuncture, and the conditions that acupuncture may be most helpful.
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For centuries opiate addiction has been a difficult health and social problem. The morbidity
and mortality related to such addiction affect not only the individual but also bring disastrous
effects to the affected families and their communities [1, 2]. Based on Quoting epidemiological
data in social surveys done in the last decade, over 13 million opium addicts are living in
different countries, while Asia has the largest number. Heroin addiction gives the most severe
affections and the number might be exceeding 9 millions [3, 4]. In the city of Hong Kong alone,
about 16,000 heroin addicts have registered with the Central Registry of Drug Abuse [5].
Before we consider various means that can be used to counteract opium addiction, we need to
know how the addiction affects the individuals.
1.2. Health hazards related to opiate addiction
Opiate and its derivatives depress the central nervous system activities which can last up
to  six  hours  after  opiates  have  been  consumed.  Moreover,  there  is  a  subjective  effect,
which  persists  for  another  5-6  hours.  Once  the  opiate  tolerance  developed,  the  opiate
consumer tends to require higher and higher doses to avoid the withdrawal symptoms.
Apart  from the central  nervous system, there are severe gastro-intestinal  upsetsand dis‐
turbances to other physiological systems [6].
Opiate or heroin is commonly taken together with alcohol, barbiturates and/or other abusive
drugs, resulting in life-threatening morbidities such as respiratory distress, serious infections
etc. The application of injections introduces viral infections like hepatitis and AIDS [7].
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The intolerability and the degree of withdrawal symptoms are so severe that addicts tend to
experience a change of personality and their daily activities are focused on the acquisition of
the drug. The direct outcome is the rapid development of anti-social behaviour. The abrupt or
gradually loss of harmony in the families of the addicts merge into difficult anti-social
problems, often involving crimes. The general health deteriorations and anti-social tendencies
make this group of people particularly prone to addiction related infections like HIV. Statistics
have already indicated that about 80% HIV infections are related to heroin injections [7].
1.3. Treatment available for withdrawal symptoms
Opiate physical dependence can berapidly developed after only 2 to 10 days of continuous
consumption of opiates, particularly with heroin. When the drug is stopped, a complex system
of symptoms consisting of diffuse pain autonomic disturbances i.e. diarrhea, rhinorrhea,
nausea and vomiting, and central nervous system irritations may be presented in these addicts
with rapidly increased intensities.
The treatment for Heroin Addiction include detoxification, substitutional therapy and symp‐
tom control. Detoxification includes weaning off the opiate with the use of adrenergic antago‐
nistic drugs (like clonidine), pain-killers, and sedatives to minimize the withdraw symptoms,
improve sleep and anxiety. Detoxification medication may help during the urgent need for re‐
lief of the withdrawal syndrome, but the overall effectiveness has not been satisfactory [8].
The disappointment with detoxification therapy has led to the introduction and later adoption
of substitutional therapy. SinceHeroin is producing such severe withdrawal syndrome which
are difficult to control, one way to manage the heroin addiction is to replace with a less addict‐
ing, more tolerable opiate, as a step towards the ultimate removal. Methadone has been accept‐
ed world-wide as a suitable opiate that satisfies the need of substitution because it has an oral
preparation with stable effects and long half-life of 18 to 24 hours. Withdrawal symptoms aris‐
ing from Methadone are not as severe as compared to heroin and other opiates. Methadone has
therefore been popularly used as a substitute, when problems in personality, family and/or
community are hindering the proper arrangements for a total withdrawal. In the latter situa‐
tion, a special term “Methadone Maintenance Treatment” (MMT) has been created. In some
cases a single dose of around 80 mgm MMT,would be sufficient for a day [9].
One disadventage of Methadone and MMT is that adverse effects are still prominent which
include nausea, vomiting, dizziness, gastro-intestinal symptoms, respiratory symptoms and
even haematological disturbances. Long term methadone users have tendency to develop
depression [10].
Opiate addiction is such a long medical and social problem. Although therapeutic means are
available, none of them is considered satisfactory. Further exploration on other alternative
ways is needed for therapeutic control. The heavy influence of personality and socio-psycho‐
logical interactions contributing towards the occurrence of addiction naturally call for special
psychological therapy, which has been adopted as standard therapeutic measures for addicts
in well-established centers. Other alternative treatment includes the application of traditional
Chinese medicine [11].
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1.4. Acupuncture as treatment for withdrawal symptoms
Acupuncture is well-known for the control of pain and some autonomic symptoms like nausea,
vomiting and dizziness. In China, the application of acupuncture for opiate withdrawal is
therefore a logical historical attempt. Now acupuncture as a treatment option for difficult pain
related conditions, is increasing its popularity over the world. In 1998, the National Institutes
of Health of the US, held a Consensus Conference which endorsed Acupuncture as the
therapeutic measure to be recommended for pain, as well as nausea and vomiting control [12].
Looking through the available literature from 1976 to 2006, more than 70 clinical trials on the
use of acupuncture for heroin addiction have been published in the Chinese and English
language journals, involving more than 5,000 cases [13]. Summarizing the reports about the
results of treatment, the suggestions include the following:
i. Acupuncture gives rapid and efficient effects against the withdrawal symptoms
when used as detoxification agent [14].
ii. Acupuncture works well together with Methadone in the MMT scheme [15].
iii. The newer form of auricular acupuncture shows good responses [16].
iv. Herbal medicine can be used together with acupuncture for additional effects and
acupuncture has better individual effect when compared with the use of herbal
medicine alone [17].
v. A special meridian and acupuncture points have been identified as particularly
effective for withdrawal therapy [18].
vi. Electrical stimulation in Acupuncture might have better results [19].
vii. Acupuncture is found to be useful not only as a detoxification agent, but might help
preventing relapses [20].
Given all the positive indications revealed in the literature search, it might be interesting to
compare the observations made in properly organized reviews with reference to the conven‐
tional therapeutic measures of opioid detoxification. A Cochrane review done in 2006 [8] on
the effectiveness of adrenergic antagonists showed the following:
i. The effects of clonidine were obvious although side effects of hypotension and
dizziness were frequent.
ii. No other adrenergic antagonist seemed to work better than clonidine.
iii. Addicts on the MMT regime experienced better effects with adrenergic-antagonists.
On the other hand, looking through some of the details of the acupuncture records, the
following facts could further support its applications [14-20]:
a. Most of the acupuncture treatments were given in hospital or retention home settings.
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c. The duration of acupuncture treatment lasted 1-3 weeks.
d. The assessments included the Standard Withdrawal Symptom Score (WSS) the Patients’
Detoxificated Number (PDN); adverse effects incidence; relapse rate; anxiety and long
term effects. These data tended to be complicated and only simple observations could be
made on the preferential choices of different forms of treatment. However, it is obvious
that safety is not an issue at all.
e. Only a few trials attempted to go long term. One trial indicated a 28% relapse rate for the
combined treatment of Methadone with acupuncture, compared with a 57% relapse in
Methadone alone.
An analysis of the acupuncture meridian and acupoints used is useful. The following should
be noted:
a. Most acupoints used fell within the Du Mai channel (24%), Urinary bladder channel (15%)
and Ren Mai channel (9%).
b. Commonly used body acupoints included:
c. Neignan (PC 6), Zusanli (ST 36), Hegu (LI 4), Sanyinjiao (SP 6), Laogong (PC 8), Shemen
(HT 7) Waignan (SJ 5), Shenshu (BL 23), Baihui (DU 20), Dazhui (DU I4).
d. Commonly used auricular acupoints included:
e. Liver, Kidney, Endocrine, Lung, Heart, Brainstem, usually together with body points.
Auricular points were either punctured with short needles which could be retained.
Alternatively, small hard beads could be taped onto the ear-lobe for self-pressure
manipulations [16].
f. Duration of puncture varied from 15 to 60 minutes.
1.5. Mechanism of action of acupuncture as means of detoxification
Heroin addicts have acquired high concentrations of exogenous opiates which in turn inhibit
the bioactivities of endogenous opioid peptides in the central nervous system. Once the
exogenous opiate level declines, the endogenous system fails to adapt to the normal needs for
homeostasis. The resulting dysfunction initiates the withdrawal symptoms and yearning
desire for exogenous ‘refill‘ of opiates [21].
1. Acupuncture  helps  to  regulate  the  normal  bodily  function  through  the  following
mechanisms:Endorphin  release:  Acupuncture  increases  the  release  of  endogenous
opiate  like  substances,  including  endorphin,  enkephalin,  dynorphin  in  the  cerebral
tissues and nerve cells.
2. 5 hydroxy tryptamine release: With acupuncture stimulation, the 5 hydroxy tryptamine
pathway in the hypothalamus is stimulated to release dopamine which is related to the
feeling of euphoria with which the withdrawal syndrome is counteracts [22].
While the modern neuro-physiology and related humoral theories could throw some light into
the scientific mechanism of acupuncture and withdrawal symptoms, they are yet insufficient
Acupuncture in Modern Medicine300
to offer the comprehensive explanations. The traditional theories of acupuncture, however,
could supplement some basic understandings.
The Du Mai and Ren Mai, are Extraordinary Channels, governing, connecting and regulating
the Twelve Ordinary meridians, running through the human body, harmonizing physiological
functions to maintain homeostasis. The Urinary Bladder Channel on the other hand, connects
the kidney with the Urinary Bladder and it is the most important system coupling the interior
to the exterior according to the classical theory in Chinese Medicine. In particular, the Du Mai
has the principal role for the treatment of mental diseases, febrile illnesses, and musculo-
skeletal problems. Clinical observations showed that the acupoint-stimulation on the Du Mai
effectively alleviates the withdrawal symptoms, such as muscularskeletal pain, perspiration
and anxiety. Acupuncture using points located on Du Mai tonifies the Qi which maintains
normal functional activities of the body [23, 24].
The Ren Mai is described as a sea of Yin which regulates metabolisms and blood function in
the human body. It maintains the connection among the other organ’s function including Lung,
Heart, Liver, Spleen and Kidneys [25]. The selected acupoints for detoxification purposes
within these three popular meridians are mainly those related to pain control, the nervous
system, cardiovascular system and digestive system.
1.6. Discussion
Detoxification is a treatment offered to opiate addicts in support of their attempts to withdraw
from addicted drug. There is obviously a need in medical and health services in response to
the rising challenges of drug abuses in modern sociaty. However, using traditional medicine
or acupuncture in Detoxification, has not been a serious consideration.. Traditional Chinese
Medicine practitioners might have used herbs or acupuncture for the relief of symptoms of
pain, nausea and vomiting when the need arises among the few opiate abusers. The first
properly recorded application of acupuncture used systematically for withdrawal symptoms
might have been originated in Hong Kong in the 1970’s when a neurosurgeon used auricular
acupuncture for this purpose [26, 27]. Subsequently using acupuncture to treat symptoms
addicts invited more and more medical and community interests, so that more and more trials
were initiated.
Up to today, there is yet no treatment program that guarantees the success of detoxification
and subsequent total withdrawal from opiate/heroin addiction with no relapses. Methadone
substitution is accepted as a standard offer while the limitations remain. Alternative treatment
like acupuncture, could be considered a valid option of detoxification using with methadone
or alone. Evidence of using acupuncture for pain, nausea and vomiting, and some other
withdrawal symptoms has been accumulating and the treatment is easy, cheap and safe. We
are not yet clear, whether the long term results, including relapses, are favourable. Given the
complexity of drug abuse includepersonality, psychosocial influences, and health related
etiologies, it is hard to establish simple solution to this problem. Acupunctures, with the
adventage of least investment and highest safety, could be accepted as a favourable option
and research could concentrate on the modalities of combined treatment which might give
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Smoking has developed gradually from a fashionable social activity to a hateful anti social
behaviour in recent years. Those who are addicted to Cigarette smoking might be facing bitter
pressure to seriously engage in quitting attempts. The most determined individuals might find
little difficulties in the quitting endeavours. There are however, personal and social reasons
barring the success of such quitting determinations [28].
This section describes the use of self-administered acupressure as a means to help quitting
smoking, through the experience of a pilot study on the same subject completed in Hong Kong.
2.1. Introduction
According to the information gathered by the Hong Kong Census and Statistics Department
in a thematic household survey during December 2007 to March 2008 [29], there were 679,500
daily smokers, accounting for 11.8% of all persons aged 15 years and older in Hong Kong.
Among them, 99.6% were cigarette smokers, consuming an average of 14 cigarettes per day.
A third of daily smokers had tried but failed to quit smoking. The 3 most commonly cited
reasons for failure were ‘‘not determined enough’’, ‘‘cigarette smoking had formed a favorite
habit’’, and ‘‘friends/colleagues were also smokers’’.
The new amendment of the Smoking (Public Health) Ordinance [30] became effective January
1, 2007; no-smoking areas have been extended by law to cover the indoor areas of all restaurant
premises, indoor workplaces, public indoor places, and also some public outdoor places. On
July 1, 2009, the no-smoking area was further extended to recreational venues to provide
protection against ‘‘secondhand smoking’’ in indoor workplace and public places. Through
public education, health campaigns, and government legislation, smoking has become less
socially acceptable as people become more health conscious. The service to aid smoking
cessation thus becomes highly significant and demanding.
There are a number of ways to help smokers stop this habit such as anti-smoking advice given
by physicians, self-help materials, behavioral therapy, nicotine substitutes (nicotine replace‐
ment therapy), and other adjuvant therapy including hypnosis, smoking deterrents, nicotine
gum, etc [31]. However, the efficacy of such therapies in terms of cost, adherence, side effects,
and personal preference varies. Acupuncture has been used to treat drug and alcohol depend‐
ence since the 1970s. Acupuncture has also been used to help cigarette consumers quit
smoking; the specific aim is to reduce withdrawal symptoms [32-34]. While acupuncture is
gaining worldwide popularity, health clinics and natural healing clinics in various countries
have started to provide acupuncture as a treatment for smoking cessation.
In this pilot study, a prospective method using auricular acupressure was established to
investigate the outcome on smoking cessation among community smokers in Hong Kong.
Acupressure, an alternative maneuver to acupuncture, is a simple and easy technique. Instead
of using needles to deeply stimulate selected acupoints on the external ear, small hard beads
were attached with adhesive tapes and placed against the points so that patients could apply
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pressure on the beads at regular intervals. Acupressure has the additional advantage of
avoiding bleeding and infection of the punctured sites.
2.2. Methods
2.2.1. Design
The smoking cessation study was approved by the Clinical Research Ethics Committee of the
Chinese University of Hong Kong. All participants were required to give written informed
consent before the trial started. The blocked randomization scheme was used to allocate partic‐
ipants in equal proportions to the active treatment or sham groups. Participants were recruited
from outpatient clinics and the community through poster advertisements. Eligible individu‐
als had to be aged 18 years or older, have a daily cigarette smoking habit, and be motivated to
quit smoking. They could not use other smoking cessation therapy simultaneously.
2.2.2. Intervention
Auricular acupressure was introduced via hard beads fixed with adhesive against the selected
acupoints to provide continuous stimulation. Four acupoints on the external ear—Shenmen,
Lung, Mouth, and Brain—were used [35]. In addition, 2 more acupoints on the hand—Hegu
and Neiguan—were similarly taped with hard beads. For the sham group, non-specific non-
meridian points were chosen away from those selected for the treatment group. Figure 1 shows
the positions of the acupoints.
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Participants were instructed to press on the beads repeatedly at least 3 times a day or whenever
they desired to smoke during the 3 weeks of treatment. They were then followed up weekly
during the treatment period, 7 days after treatment was completed, and 3 months after
treatment via phone interview.
2.2.3. Assessments
Baseline characteristics and participants’ smoking history were collected. A Chinese version
of the Fagerstrom Test was administered to measure the magnitude and profile of nicotine
dependence [36]. Participants’ attitude toward smoking cessation was assessed by a validated
questionnaire (Contemplation Ladder) [37].
Individual cigarette withdrawal symptoms were assessed by Mood and Physical Symptoms
Scale (MPSS) [38 - 40], which was developed in the early 1980s and variants of it have been
used for 20 years. It is composed of 2 parts: the first part rates the severity of depressed mood,
irritability, restlessness, hunger, difficult concentrating, and constipation (5 points); the second
part rates smoking urges by ‘‘time spent in urge to smoke’’ and ‘‘strength of urge to smoke’’
(6 points). Other physical illnesses were also recorded weekly. The participants’ cigarette
consumption was obtained by daily selfreports and also objectively verified through breath
carbon monoxide monitor (Bedfont Micro Smokerlyzer, United Kingdom) [41]. The measure‐
ment of exhaled carbon monoxide levels in parts per million (ppm) was based on the conver‐
sion of carbon monoxide to carbon dioxide over a catalytically active electrode. Data of ≥10
ppm of carbon monoxide indicated smokers; 6–10 ppm indicated sporadic smokers, and <6
ppm indicated non-smokers [42, 43]. Participants could not smoke at least an hour before
taking the breath test.
2.3. Statistical analysis
The data analysis was based on intention-to-treat. Comparisons were performed using the t-
test and paired t-test for continuous variables; Pearson‘s test and Fisher‘s exact test were used
to compare categorical variables. A 2-tailed P value <.05 was considered significant. All
statistical analyses were performed using SPSS version 16.0 (SPSS Inc., Chicago, IL).
2.4. Results
From November 2007 to March 2009, 70 eligible participants were enrolled in the pilot trial.
The participants were predominantly men (70%). The mean age was 46.5 years with a mean
smoking period of 27.8 years (range, 5-50 years). The mean (SD) cigarette consumption was
16 (7.19) per day. The mean (SD) breath carbon monoxide level was 15.06 (7.56) ppm at the
start of the study. Past quitting attempt was 0.94 times.
According to the Fagerstrom nicotine dependence test, 33% of participants were severe, 36%
were moderate, and 31% mild. For the degree of motivation to quit smoking, 32.9% of
participants were either prepared or determined to take action. There were no major differ‐
ences between the active and sham groups at baseline level (Table 1).
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Participant adherence to the intervention was as follows: 87% (61) attended the first visit, 80%
(56) the second visit, 76% (53) the third visit, and 73% (51) kept all 4 appointments. Participants
manipulated the acupressure points on average 4.22 times a day in the active group and 5.12
times a day in the sham group.
Active Sham Total P
N = 38 N= 32 N= 70 value
Sex Male(%) 26 (68.4) 23 (71.9) 49 (70) 0.753











30 or Less(%) 5 (13.2) 4 (12.5) 9 (12.9) 0.707
31-60(%) 27 (71.1) 25 (78.1) 52 (74.3)









Range 6 - 46 5 - 50 5 - 50








Range 5 - 33 5 - 50 5 - 50
Contemplation Ladder Less Determination(%) 28 (73.7) 19 (59.4) 47 (67.1) 0.204
More Determination(%) 10 (26.3) 13 (40.6) 23 (32.9)
Fagerstrom Score Low (0-3)(%) 15 (39.5) 7 (21.9) 22 (31.4) 0.244
Moderate (4-5)(%) 11 (28.9) 14 (43.8) 25 (35.7)
Severe (6-10)(%) 12 (31.6) 11 (34.4) 23 (32.9)
Mean Score(SD) 4.0 (2.48) 4.75(2.50) 4.34(2.50) 0.214








Range 1, 31 2,36 1, 36
SD, standard deviation; ppm, parts per million.
Table 1. Participant Characteristics
Three individuals dropped out because of skin irritations under the adhesive tapes. Other
reasons for discontinuation included external appearance of the tapes, busy working sched‐
ules, and other personal matters.
The effectiveness of acupressure was free of smoking by end of treatment and point prevalence
of smoking cessation at 7 days following treatment completion. Success in quitting was defined
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showing less than 6 ppm. Failure was defined as a continuation of the smoking habit or absence
from follow-up [43].
The successful rate of discontinuation at the end of treatment was 2.6% (1) and 9.4% (3) (P =.
33); 7 days post treatment it was 5.3% (2) and 6.2% (2) (P =.86), and 3 months post treatment it
was 7.9% (3) and 3.1% (1) (P =.62) for the active and sham group, respectively. For the breathing
test, only 65 individuals whose carbon monoxide level at pretreatment was higher than 6 ppm
were analyzed. At the end of treatment, 18.2% (6) of the active group and 16.7% (5) of the sham
group showed carbon monoxide levels of less than 6 ppm (P =.87); at 7 days post treatment,
the active group was 25.8% (8) and sham group was 16.1% (5) (P =.35). There was no statistically
significant difference between the groups.
Although some participants could not quit smoking completely, 30.9% (21) of them (35.1% (13)
of the active group and 25.8% (8) of the sham group) succeeded in reducing 50% of their daily
cigarette consumption at 7 days following treatment. The mean number of cigarettes smoked
daily and the carbon monoxide expiration level decreased significantly from pre-treatment
values in both groups (Figure 2 and 3). The mean cigarette reduction was 45.9% for the active
group and the 43.7% for sham group. There was no statistically significant difference between
the groups.
At 3 months post treatment, 25 of 51 participants were reached via phone interview. Twenty
of them smoked less than at baseline; those belonging to the active group were smoking less
(–9.17±7.5) than the sham group (–3.5±7.4; P =.07; Figure 4).
Cigarette withdrawal symptoms were measured, including depressed mood, irritability,
restlessness, hunger, difficulty concentrating, and constipation along with the urge and the
strength of urge to smoke. During the 3-week treatment period, more than 60% of individuals
experienced more than 1 withdrawal symptom and most of them had the problem of hunger.
The overall mean score was around 8 to 10 (score range, 6–30), meaning that the participants
were tolerating the withdrawal symptoms reasonably well. The mean of the total urges was
around 5; (Figure 5) demonstrates the pattern of the scoring. There were no statistical differ‐
ences between the 2 groups in the withdrawal symptoms and urges (Table 2).
Subgroup analyses (Table 3) were performed with respect to the amount of cigarette con‐
sumption, attitude toward quitting (Contemplation Ladder), and dependence of nicotine
(Fagerstrom score). None of the outcomes including successful rate of discontinuation of
smoking, cigarette reduction, and withdrawal symptoms reached statistical significance
between the active and sham group at 7 days post treatment. However, the participants with
more determination to stop smoking achieved the greatest magnitude in success rate and
percentage of cigarette reduction. At 3 months post treatment, the active group showed a more
significant reduction of cigarette consumption than baseline in heavy cigarette consumption
subgroup (–13±7.5 vs -3±8.1, P<.05), and in high Fagerstrom score subgroup (–10.3±7.6 vs
-2.26±6.0, P<.05).
Apart from 3 participants who experienced skin allergy at the site of the adhesive tapes, there
was no adverse event reported.
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Figure 2. Cigarette consumption at 7 days post treatment.
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group showed carbon monoxide levels of less than 6 ppm (P =.87); at 7 days post treatment,
the active group was 25.8% (8) and sham group was 16.1% (5) (P =.35). There was no statistically
significant difference between the groups.
Although some participants could not quit smoking completely, 30.9% (21) of them (35.1% (13)
of the active group and 25.8% (8) of the sham group) succeeded in reducing 50% of their daily
cigarette consumption at 7 days following treatment. The mean number of cigarettes smoked
daily and the carbon monoxide expiration level decreased significantly from pre-treatment
values in both groups (Figure 2 and 3). The mean cigarette reduction was 45.9% for the active
group and the 43.7% for sham group. There was no statistically significant difference between
the groups.
At 3 months post treatment, 25 of 51 participants were reached via phone interview. Twenty
of them smoked less than at baseline; those belonging to the active group were smoking less
(–9.17±7.5) than the sham group (–3.5±7.4; P =.07; Figure 4).
Cigarette withdrawal symptoms were measured, including depressed mood, irritability,
restlessness, hunger, difficulty concentrating, and constipation along with the urge and the
strength of urge to smoke. During the 3-week treatment period, more than 60% of individuals
experienced more than 1 withdrawal symptom and most of them had the problem of hunger.
The overall mean score was around 8 to 10 (score range, 6–30), meaning that the participants
were tolerating the withdrawal symptoms reasonably well. The mean of the total urges was
around 5; (Figure 5) demonstrates the pattern of the scoring. There were no statistical differ‐
ences between the 2 groups in the withdrawal symptoms and urges (Table 2).
Subgroup analyses (Table 3) were performed with respect to the amount of cigarette con‐
sumption, attitude toward quitting (Contemplation Ladder), and dependence of nicotine
(Fagerstrom score). None of the outcomes including successful rate of discontinuation of
smoking, cigarette reduction, and withdrawal symptoms reached statistical significance
between the active and sham group at 7 days post treatment. However, the participants with
more determination to stop smoking achieved the greatest magnitude in success rate and
percentage of cigarette reduction. At 3 months post treatment, the active group showed a more
significant reduction of cigarette consumption than baseline in heavy cigarette consumption
subgroup (–13±7.5 vs -3±8.1, P<.05), and in high Fagerstrom score subgroup (–10.3±7.6 vs
-2.26±6.0, P<.05).
Apart from 3 participants who experienced skin allergy at the site of the adhesive tapes, there
was no adverse event reported.
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Figure 2. Cigarette consumption at 7 days post treatment.




Figure 4. Cigarette consumption at 3 months post treatment.
Figure 5. Withdrawal symptoms scoring pattern.
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Table 3. Subgroup Analyses on Cigarette Consumption, Readiness to Quit and Fagerstrom Score
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2.5. Discussion
This pilot study sought to determine whether auricular acupressure could be an effective
anti-smoking intervention and if  it  could help with the  relief  of  withdrawal  symptoms.
Although  there  was  a  lack  of  statistical  evidence  to  support  the  efficacy  of  the  active
treatment, both active and sham groups revealed a large reduction in the number of cig‐
arettes consumed, confirmed by a substantial  reduction of the carbon monoxide level in
the  breathing  tests.  As  revealed  from the  Contemplation  Ladder  estimation  at  pretreat‐
ment,  67%  of  participants  were  still  in  the  precontemplation  and  contemplation  stage
(i.e.,  they were not  yet  totally committed to quit  smoking).  For such participants,  coun‐
seling programs could help achieve better results. The low absolute cessation rate in our
study may be related to the relative lack of determination among our patients.
Although withdrawal symptoms were commonly experienced by chronic smokers who
wanted to quit, our participants’ withdrawal symptoms were not severe and did not increase
as time elapsed.
A  report  given  by  the  Smoking  Cessation  Health  Centre  in  Hong  Kong  2001  [44]  re‐
vealed that  by providing individual  counseling and nicotine replacement  therapy (nico‐
tine  gum,  patch,  or  inhaler)  to  participants,  after  1  month,  26%  of  participants
successfully  quit  smoking,  48%  reduced  their  average  consumption  of  cigarettes,  and
18% did not change their smoking habits at all.  Compared with our completed study at
7  days  post  treatment,  30.9%  of  participants  halved  their  daily  cigarette  consumption,
but  only  5.7%  successfully  discontinued  smoking.  In  another  survey  done  in  2001  [45]
with  regard  to  the  determination  to  quit  smoking,  the  proportion  of  pre-contemplation
and  contemplation  decreased  from  71%  at  baseline  to  42%  at  3-month  follow-up.  This
observation  perhaps  demonstrated  the  effects  of  individualized  behavioral  counselling.
Four weeks of nicotine replacement therapy provided in one other study resulted in on‐
ly  16% adherence  [28].  In  our  auricular  acupressure  study,  patients’  adherence  was  en‐
couraging  and  reached  73%.  The  positive  attitude  of  the  participants  on  acupressure
supports further exploration of its use as an option for smoking control.
The sham points chosen for the control group were meant to be really inert  to stimula‐
tion.  However,  this  sham  group  also  showed  a  prominent  reduction  in  cigarette  con‐
sumption  as  did  the  active  treatment  group  using  known  acupoints  with  targets.  It  is
uncertain,  whether  the  sham  points  also  elicite  stimulation  on  applying  pressure.  One
has to realize that the sham points are in fact very near the target points. The Cochrane
review on acupuncture and related intervention for  smoking cessation done in  2005 re‐
vealed that there was no consistent evidence that acupuncture was superior to no treat‐
ment, and there was no evidence that the effects of acupuncture were different from that
of other anti-smoking interventions, or that any particular related technique was superior
to other techniques [34]. Our study did not show significant results between the acupres‐
sure and sham group.
As in other reported studies,  we had difficulty getting the absolute results of the smok‐
















A vs S A vs S A vs S A vs S A vs S A vs S
At 7 days Post
Treatment


















































































At 3 Months Post
Treatment N=25
























A, Active group; S, Sham Group; † P < 0.05.
Table 3. Subgroup Analyses on Cigarette Consumption, Readiness to Quit and Fagerstrom Score
Acupuncture in Modern Medicine310
2.5. Discussion
This pilot study sought to determine whether auricular acupressure could be an effective
anti-smoking intervention and if  it  could help with the  relief  of  withdrawal  symptoms.
Although  there  was  a  lack  of  statistical  evidence  to  support  the  efficacy  of  the  active
treatment, both active and sham groups revealed a large reduction in the number of cig‐
arettes consumed, confirmed by a substantial  reduction of the carbon monoxide level in
the  breathing  tests.  As  revealed  from the  Contemplation  Ladder  estimation  at  pretreat‐
ment,  67%  of  participants  were  still  in  the  precontemplation  and  contemplation  stage
(i.e.,  they were not  yet  totally committed to quit  smoking).  For such participants,  coun‐
seling programs could help achieve better results. The low absolute cessation rate in our
study may be related to the relative lack of determination among our patients.
Although withdrawal symptoms were commonly experienced by chronic smokers who
wanted to quit, our participants’ withdrawal symptoms were not severe and did not increase
as time elapsed.
A  report  given  by  the  Smoking  Cessation  Health  Centre  in  Hong  Kong  2001  [44]  re‐
vealed that  by providing individual  counseling and nicotine replacement  therapy (nico‐
tine  gum,  patch,  or  inhaler)  to  participants,  after  1  month,  26%  of  participants
successfully  quit  smoking,  48%  reduced  their  average  consumption  of  cigarettes,  and
18% did not change their smoking habits at all.  Compared with our completed study at
7  days  post  treatment,  30.9%  of  participants  halved  their  daily  cigarette  consumption,
but  only  5.7%  successfully  discontinued  smoking.  In  another  survey  done  in  2001  [45]
with  regard  to  the  determination  to  quit  smoking,  the  proportion  of  pre-contemplation
and  contemplation  decreased  from  71%  at  baseline  to  42%  at  3-month  follow-up.  This
observation  perhaps  demonstrated  the  effects  of  individualized  behavioral  counselling.
Four weeks of nicotine replacement therapy provided in one other study resulted in on‐
ly  16% adherence  [28].  In  our  auricular  acupressure  study,  patients’  adherence  was  en‐
couraging  and  reached  73%.  The  positive  attitude  of  the  participants  on  acupressure
supports further exploration of its use as an option for smoking control.
The sham points chosen for the control group were meant to be really inert  to stimula‐
tion.  However,  this  sham  group  also  showed  a  prominent  reduction  in  cigarette  con‐
sumption  as  did  the  active  treatment  group  using  known  acupoints  with  targets.  It  is
uncertain,  whether  the  sham  points  also  elicite  stimulation  on  applying  pressure.  One
has to realize that the sham points are in fact very near the target points. The Cochrane
review on acupuncture and related intervention for  smoking cessation done in  2005 re‐
vealed that there was no consistent evidence that acupuncture was superior to no treat‐
ment, and there was no evidence that the effects of acupuncture were different from that
of other anti-smoking interventions, or that any particular related technique was superior
to other techniques [34]. Our study did not show significant results between the acupres‐
sure and sham group.
As in other reported studies,  we had difficulty getting the absolute results of the smok‐




tions  neither  participants  self-report  on  cigarette  consumption  nor  carbon  monoxide
breath test  is  absolutely reliable.  The result  may be biased due to faulty memory or in‐
tentional  biases.  Moreover,  the  carbon monoxide breath test  only indicates  recent  expo‐
sures of smoking (it has only, 6–9 hours short half-life, and faces rapid disposition). Each
individual  breath  test  taken  during  follow-up  visits  varied  from  participant  to  partici‐
pant, i.e. the test could be taken in the morning or after a meal, which give lower read‐
ings.  Other  more reliable  approaches  such as  plasma and urine nicotine  concentrations,
which are more reliable indications of  longer exposures of smoking (5–7 days with lon‐
ger half-life)  are available [47].  However,  the high costs did not allow their inclusion in
our study.
Given that perfect choices are not available, the majority of smoking cessation studies used
breath tests instead of a plasma cotinine concentration test, which was also invasive and more
expensive. Participants’ self-reports on cigarette consumption verified by their carbon
monoxide breath tests could therefore be practical means for the evaluation of the effectiveness
of acupuncture in smoking cessation.
In conclusion, acupressure on the external auricle is a simple maneuver and taking acupoints
and sham points together, the positive results reached promising levels. Acupressure is a safe
technique for all smokers who want to quit smoking, including pregnant and breastfeeding
women, while nicotine replacement therapy might not be as safe and acceptable. Acupressure
as a means to help stop smoking may therefore be recommended as a valid option.
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1. Introduction
Patients with craniomandibular disorders (CMD) frequently suffer from pain and dysfunction
in the temporomandibular joint (TMJ) and the masticatory muscles, as well as headaches,
disorders of the cervical spine, difficulty in opening the mouth, joint clicking [1, 2, 3, 4, 5, 6, 7,
8, 9] sinusitis, chronic neck pain, and reduced mobility of the cervical spine [10, 11]. This variety
of pain symptoms is known in dentistry as well as many other medical specialties.
Acupuncture has been acknowledged for more than 200 years as an effective means of
achieving pain relief (Traditional Chinese Medicine or TCM) [12]. The fact that not only pain,
but also muscular dysfunction and tension, psychosomatic disorders, and dysregulation of the
lymphatic and immune systems respond well to acupuncture treatment has been confirmed
in numerous scientific studies [13, 14, 15, 16]. Trials using MRI revealed immediate signals in
specific regions of the brain [17, 18].
Modern pain research has incidentally disclosed various effects of acupuncture while neuro‐
physiological explanations for these phenomena have also been provided. Targeted needle
stimulation at specific points in the skin or mucosa activates the organism’s regulatory and
modulation abilities. Modulation of pain is achieved in several ways. One of the remarkable
results of pain research is the activation of endorphins and neurotransmitters when acupunc‐
ture stimuli are applied [19, 20].
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In traditional acupuncture, points of analogous reflex relations are found in linear sequence
(chains), also known as meridians. In microsystem acupuncture - which is a recently discov‐
ered subject - systematic point patterns are found in specific parts of the body such as the
auricle, the oral cavity, and others These microsystems of acupuncture may be described as
somatotopies representing a multitude of organs and their respective functions. Microsystem
points can only be detected in a state of irritation. Activation of microsystem points results in
increased sensitivity and pressure in the microsystemaereas (f.i. auricle mouth, skulp,….)
which is a sign of functional disorders in the corresponding organ.
The stimulation of microsystem points has proved to be a very effective method of acupunc‐
ture. For optimum results the microsystem points are preferably detected and pricked by
means of the ‘very-point’ technique [21].
In cases of pain in the stomatognathic system and dysfunction of the TMJ, remote points
stimulation on the hands, auricles, at the sternum, and particularly in the enoral retromolar
area of the lower jaw were found to be effective in open trials. Pain relief and alleviation of
muscular tension was achieved immediately after the application of ‘very-point’ therapy21.
Very Point therapy is the most sensitivity point in the point area.
2. Statement of the problem
The effects of acupuncture have been reported in many studies, but just a few of these provide
data from placebo-controlled trials. We performed a randomized, double-blind placebo-
controlled study to investigate the immediate effects of acupuncture in patients with myofacial
pain and craniomandibular disorders (CMD).
3. Application area and methods
Twenty-three women aged 18 to 64 years, with dysfunction and pain in the stomatognathic
system (particularly in the TMJ) and no previous therapy, were recruited for the trial from
February 2002 to July 2003. Consecutive patients who reported at the outpatient unit of the
department of prosthetic dentistry Medical University Vienna (Prof. Dr. E. Piehslinger) with
dysfunction and pain in the stomatognathic system not attributable to any known underlying
disease were eligible if they were women between 18 and 65 years of age. (we had no male
patients at this time) All patients who were contacted agreed to participate in the study.
Patients were randomized on the basis of a computer-generated random permutation list into
two groups: one group was treated with acupuncture (n=11) while the other group received
sham laser treatment (n=12) [22, 23, 24]. Randomization was performed after consent had been
obtained before the date of therapy. The study protocol was approved by the ethics committee
of the Medical University of Vienna. The treatment was scheduled to be administered two to
seven days after enrolment at the department of dentistry, Medical University of Vienna.
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Patients were unaware as to whether they were receiving verum or placebo treatment; this
was disclosed after the final assessment. Patients who received placebo treatment were
informed after their sham treatment that a different type of treatment might be more effective,
and needle acupuncture was offered (because of ethical reasons). All patients in the placebo
group consented and were treated with acupuncture after the sham procedure and the actual
necessarity
The physician who palpated the different muscles and registered the patients’ pain scores was
blinded to their verum or placebo status. Patients were assessed immediately before and after
treatment.
The patients’ subjective perception of pain was evaluated on a visual analog scale (VAS).
Muscle palpation included the following muscles and regions: atlanto-occipital region,
anterior temporal muscle, medial temporal muscle, posterior temporal muscle, muscles of the
cranio-mandibular junction, pterygoid muscles, masseter muscles, digastric muscle, and
sternocleidomastoid muscle, on both sides.
Pain on muscle palpation was rated on a four-point scale in ascending intensity from 0 to 3.
Classical acupuncture points according to TCM, microsystem points, and special points that
corresponded to the disorders in question were palpated. Table 1 shows the acupuncture
points that were positive on palpation and those that were used in therapy.
Acupuncture point Palpation Therapy
Upper jaw retromolar 11 9
Lower jaw retromolar 8 4
Upper jaw vestibule 4 1
Lower jaw vestibule 4 0
Large bowel 4 9 1
Small bowel 3, 2 6 7
Auricle 9 9
Sternum 8 5
Adler-Langer points 8 0
Others 5 5
Table 1. Acupuncture points positive on palpation and used for acupuncture therapy (n=11).
In microsystem acupuncture, points that demonstrate a high degree of irritation have proved
to be more suitable for therapy. These points were given preference. Adler points are para‐
cervical pressure points were used for diagnostic purposes as well as for assessment of
therapy. [25]
For precise identification of points and subsequent insertion of needles we used the ‘very-
point’ technique. The latter permits acupuncture points to be spotted and pricked with
maximum accuracy. Points were detected on the skin in the oral cavity, and very fine and sharp
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needles were inserted here. First, the area surrounding the suspected enoral point was palpated
manually. As the next step, the region in which the patient reported maximum sensitivity was
tapped gently and tangentially with the therapy needle itself, preferably at an angle of about
45°. The point of greatest sensitivity and tenderness, the ‘very point’, is usually at the center
of the region of irritation. The patient reacts accordingly by mimic expression and/or verbal
affirmation. (only the verum group received this type of treatment.
Treatment was performed in a double-blind manner; neither the patient nor the person
performing the evaluation was aware of the non-functioning laser pen. The sham laser
instrument was an inactivated soft laser pen that emitted an ordinary red light. To enhance
the credibility of the sham procedure, the emission of red light was accompanied by visual
and acoustic signals.
The same point selection criteria were used in both groups. Every point was ‘sham irradiated’
for about two minutes. The laser pen did not touch the skin but was held at a distance of about
0.5 to 1 cm.
3.1. Statistical methods
The sample size was determined on the basis of data obtained from a preliminary open trial.
Assuming a difference of one standard deviation with respect to the primary endpoint between
groups, an alpha level of 5% and a power goal of 80%, each group was required to consist of
10 patients. The primary endpoint was the patient's subjective assessment of pain on a visual
analog scale. Secondary endpoints were the intensities of pain on palpation of various muscles
and muscle groups. The latter were summed up to obtain pain ratings for all muscles and
muscle groups. Medians and quartile ranges were computed as estimates for central tendency
and dispersion. Before/after treatment differences in VAS ratings and the sum score of pain
on palpation were compared between groups by Mann-Whitney tests. For the primary
endpoint, the alpha error was set to 0.05. Exploratory tests were performed for secondary
endpoints, and uncorrected p-values are reported.
4. Results
Figure  1  shows  results  for  muscles  and  muscle  groups  that  were  initially  painful  on
palpation  in  at  least  20%  of  verum  or  placebo  patients.  Pain  reduction  as  assessed  by
palpation was more pronounced in the acupuncture group than in the sham laser group.
Of 14 muscles or groups of muscles that were examined, nine were initially scored painful
on  palpation  in  20%  or  more  of  patients.  Pain  on  palpation  was  most  commonly  ob‐
served  in  the  pterygoid  and  masseter  muscles  (up  to  96%  of  patients).  Acupuncture
resulted in greater reduction of pain (average 40%) than placebo treatment (average 8%).
A large number of patients had initially experienced pain in the shoulder and neck (91%
in the acupuncture group and 58% in the placebo group). In the acupuncture group 64%
of patients reported a reduction on the pain scale, while 20% had no pain at all on palpation
after the treatment. In contrast, no patient in the placebo group was free of pain after sham
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treatment.  Fifty  percent  of  acupuncture  patients  who  had  initially  experienced  pain  on
palpation of the digastric muscle recovered after treatment. In more than 50% of placebo-
treated patients,  however, pain on palpation of the same muscle persisted after therapy.
In the temporal muscles, acupuncture achieved a reduction in nearly all patients while no
reduction in pain was observed after placebo treatment. Placebo treatment had no effect
on the sternocleidomastoid muscle, whereas 64% of patients with verum acupuncture about
9% reduction in pain. Pain on palpation of the hyoid muscles was rare and resolved after
acupuncture in most cases. A summary of pain ratings on palpation is given in Table 2.
Figure 1. Percentage of patients in the acupuncture and placebo groups with pain on palpation of various muscles or
groups of muscles before and after treatment
Treatment
before after p-value*
Acupuncture 22.5 ( 7.8) 8.0 (10.0)
<0.001
Sham 19.0 (15.0) 16.0 (20.0)
* Mann-Whitney test for before/after differences
Table 2. Median (quartile range) of the sum of pain ratings (0-3) assessed by palpation of 14 muscles.
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The results of overall pain ratings on a visual analog scale (VAS) are summarized in Table 3.
VAS scores were reduced after acupuncture as well as sham treatment, but the reduction was
much more significant after acupuncture (p=0.031).
Treatment
before after p-value*
Acupuncture 40.5 (34.0) 16.5 (33.0)
0.031
Sham 41.0 (34.0) 30.0 (28.5)
* Mann-Whitney test for differences before/after
Table 3. Median (quartile range) of visual analog (VAS) ratings of pain.
5. Discussion
In a previous trial comparing a single session of acupuncture with no treatment, a significant
improvement in cervical mobility was reported in patients with chronic neck pain. This was
in line with data reported by other authors [26, 27, 28]. The present study was designed to test
the immediate effects of acupuncture on oromyofacial pain refractory to previous conventional
therapy. Our results indicate that acupuncture therapy using remote points – either traditional
points or corresponding microsystem points found in a state of irritation – has an immediate
effect on motion-related pain as well as pain at rest in patients with CMD, TMJ and cervical
spine mobility disorders.
Although the results in the control group indicate a certain placebo effect, it should be noted
that these patients were also palpated and palpation and relaxation as such might have reduced
pain. Pain in placebo-treated patients was reduced in one muscle (masseter), but increased in
three others (digastric and sternocleidomastoid muscles, and atlanto-occipital region).
The absence of local therapy is especially important when patients are sensitive to treatment.
Consequently, the frequency of a placebo effect may be higher. Moreover, the study demon‐
strates the importance of specific point selection performed by finger palpation, needle
detection, and subsequent needle insertion at punctual sites of maximum sensitivity in a
suspected point area. This ‘very-point’ method can be applied to the skin as well as mucous
membranes.
In the mouth, a system of highly effective points is found in the mucous membranes. These
points may serve as reflex points in modern pain therapy as well as acupuncture. Points in the
mucous membrane, in a state of irritation, are highly sensitive to pressure during palpation.
In these cases, reflex therapy of specific points is highly effective. The topography of the points
determines the direction of potential therapeutic effects. Immediate relaxation and release of
tension in the upper and lower jaw can be achieved especially in the retromolar area. The reflex
action from the retromolar area primarily affects the cervical muscles, including the deep
muscles of the receptor field of the neck. Although the immediate effects of enoral treatment
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do not guarantee a permanent outcome, instant relief from muscular tension and pain is still
an important and strong motivating factor for the patient. Once such initial relief and im‐
provement has been achieved, the patient is more receptive to further treatment.
Specific traditional points on the sternum (Renmai), and the cervical Adler-Langer points were
used to diagnose conditions as well as monitor the progress of patients.
Local pain points, also known as trigger points, were not treated locally in this study. Treat‐
ment was administered via remote points and superior systems in order to refrain from
evoking memories of pain and avoid local pain during initial therapy.
One feature of microsystem acupuncture is that specific points serve as points of input for the
organism’s regulatory systems. Microsystem points are categorized as remote points, distant
from the site of pain. This fact is greatly appreciated by patients who experience severe local
pain. A very small number of patients did not respond to the treatment used in the study.
These patients could be classified as non-responders to treatment via the regulatory system.
The vast majority of patients, however, experienced immediate pain relief without the need
to touch the affected area, and were therefore motivated to undergo subsequent therapy.
A single acupuncture session may provide immediate pain relief, alleviate muscle tension,
enhance mobility, and improve the interplay between the TMJ and the cervical spine. This
demonstrates the close interrelationship between the TMJ and the cervical region, cranioman‐
dibular dysfunction, and symptoms in the neck and shoulder. Such disorders have become
very common and are relevant for a number of medical disciplines, amongst which dentistry
plays a key role because occlusion of the teeth, muscles, the TMJ, and the cervical spine
constitute a functional unit [29, 30, 31].
6. Conclusion
Pain reduction measured on VAS was significantly more pronounced after acupuncture than
after placebo treatment (p=0.031). The sum of pain scores across 14 muscles was also reduced
to a markedly greater extent after acupuncture than after sham laser treatment. Acupuncture
may bring immediate pain relief in patients with oromyofacial disorders.
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0.031
Sham 41.0 (34.0) 30.0 (28.5)
* Mann-Whitney test for differences before/after
Table 3. Median (quartile range) of visual analog (VAS) ratings of pain.
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1. Introduction
Pain treatment and management remains one of the biggest challenges to modern medicine
today. A recent Centers for Disease Control and Prevention (CDC) report found that 25 percent
of U.S. adults reported experiencing a full day of pain within the past 30 days and one in 10
said their pain lasted one year or more. The most common complaints were low back pain
followed by migraine or severe headache and joint pain[1].
Current research efforts to understand pain mechanisms have revealed a complex picture in
which the biological mechanisms of pain reach beyond the nervous system to other areas and
systems associated with depression, anxiety, and sleep, areas of the mind and psyche. A recent
nationwide survey found that one in five Americans say their pain has resulted in major
lifestyle changes in employment, residence, or personal freedom and mobility. Participants
viewed the medical community as being only partially successful in helping patients manage
their pain[2].
New, multi-disciplinary approaches to pain management have been developed and many
therapies exist, however the dominant component of these approaches continues to be
prescription and over-the-counter medications. While the use of medications is necessary and
often effective, it does present the risk of overreliance, misuse, and abuse. Over the last decade
there have been a number of reviews highlighting not only a significant rise in prescription
medication, but also a sharp climb in abuse particularly for those between the ages of 18-25[3].
Military medicine is faced with similar challenges to successful pain management and
treatment. However, many factors such as work cycles, organizational structure, mission and
patient population of the military generate unique issues when formulating a strategy for pain
© 2013 York et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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management[4]. While the adequate and appropriate management of pain is a daunting issue
for the military, recent engagements have put the issue of pain front and center.
The Global War on Terrorism and the wars in Iraq and Afghanistan have produced an
increasing number of combat veterans returning with complex multi-trauma. Most of these
injuries are caused by roadside, vehicle-mounted, and variously concealed improvised
explosive devices (IEDs) that cause extensive direct and indirect concussive, blunt and
projectile-induced damage. Due to significant improvements in individual body and vehicle
armor, more sophisticated and responsive emergency medical and surgical care, and advanced
air evacuation system capabilities, these injuries have become more survivable. In some cases,
the very body armor that saves lives may contribute to head, neck, and extremity injuries,
which in turn often progress to long-term disability and/or pain. Added to the physical wounds
of war are the psychological and emotional sequelae associated with civilian and guerilla
warfare, mass casualties and asymmetric warfare. As a result, large numbers of combat
veterans experience a trauma spectrum response that includes pain, sleep and other somatic
disorders, anxiety, post-traumatic stress, and other symptoms.
Due to the stigma associated with being taken out of the fight and away from their battle team,
it is common for U.S. combatants to delay seeking medical help unless the injuries are
significantly debilitating. It is variously reported that 15 to 20 percent of combat veterans
returning without obvious physical injury have some degree of persistent mild traumatic brain
injury and post-traumatic stress disorder. For others being treated for life-threatening injuries
due to combat trauma, the sometimes hidden symptoms of repetitive concussive injury and
combat stress are also present. These multiple overlapping injuries typically lead to chronic,
more severe multi-system disorders well after the crisis of initial injury subsides. In many
cases, the primary presenting problem is “depression, anxiety, or chronic pain” without other
obvious physical manifestations. But upon further investigation, a profile of Wounded
Warriors has been identified. These soldiers have had one or more concussive, blunt or
projectile- induced injury, seek help several months to years after that injury, and describe
persistent, multi-system symptoms of varying degrees and severities. This is reminiscent of
“Gulf War Syndrome” or “Chronic Multi-symptom Illness” defined in the first gulf war.
All levels of the U.S. military medical departments and the Department of Defense engaged
in a strategic reassessment of how to best respond to the needs of these Wounded Warriors in
a way that also helped alleviate delayed deployments due to ongoing medical problems, the
rising costs of medical care with fewer positive outcomes, and increasingly adverse and costly
effects of drug and procedure-oriented solutions to treatment.
2. The pain experience in the military
To more fully understand the complexity inherent in addressing the pain caused by poly-
trauma it is necessary to consider how the expression of pain is dictated by a number of factors
in addition to direct tissue injury. Those who have experienced pain of any kind would attest
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it is not a pleasant experience and one they would happily do without. However from an
ontogeny perspective, pain serves a preservation purpose.
The primary role of pain is aptly summarized by Nikola Grahek in his book titled “Feeling
Pain and Being in Pain”:
The capacity to feel pain upon harmful external stimulation or upon internal bodily damage is certainly the most precious gift bestowed
on us by Mother Nature for self-protective purposes. However,…when in pain, we dislike it very much, and will do anything to get
rid of it or at least alleviate it, especially if the pain is intrusive or severe5. (p.7)
Grahek further explains that the pain system, at its fundamental level, can be viewed as serving
two purposes – as a system of avoidance and as a system that promotes restoration or repair. As
an avoidance system, pain warns us to stay clear of dangerous stimuli by assisting us in detect‐
ing the danger before any serious bodily damage befalls us. Its genius is in its preventative capacity
which serves to protect and maintain survival. In instances in which damage has already occurred,
the restorative system that promotes healing is facilitated by movement-limiting pain.
While typically functioning as it should – prevention and repair – the pain system has the potential
to be overwhelmed. Instead of being triggered by painful stimuli, the system becomes overly
sensitive to non-harmful stimuli (allodynia) or it may register an increased sensitivity to stimuli
(hyperesthesia) or register pain sensation in non-damaged tissue (hyperalgesia). When this
occurs, the perceived pain is no longer directly tied to the injury, and is thus maladaptive.
Recent scientific research indicates that a patient’s psychological state may significantly influ‐
ence their experienced pain, and that the perception of pain involves multiple factors beyond the
direct physiological injury. Such factors contribute to the persistence of pain experience even after
an injury has healed, and to the sensation of pain in an area devoid of any injury. Pain is now
understood as a bio-psycho-social phenomenon rather than a strictly physiological one[6]. [See
Gatchel for a more complete summary of the changing theories of pain]
The interplay of psycho-social factors and biology is strikingly on display in poly-trauma
injuries. The persistent and chronic nature of pain associated with traumatic injuries has been
well documented[7]. Additionally, there is a high incidence of concurrent Post-Traumatic
Stress Disorder (PTSD), depression, and anxiety with these injuries. The overlapping and
multi-component nature of traumatic injuries, both psychological and physical, has been
recently characterized by Jonas et al. as war-related, trauma spectrum response (wrTSR). They
propose mind-brain/body injuries, such as traumatic brain injury (TBI), are more appropriately
addressed by a constellation (whole systems) view of the impact of that injury[8]:
Triggered by combined mind-brain/body injuries (MBIs), the various manifestations of wrTSR share many common pathophysio‐
logical and recovery mechanisms….environmental and/or psychosocial insult can induce a core constellation of common symptoms
that includes: (1) psychological and emotional distress (e.g., depression, anxiety, or anger); (2) cognitive impairment; (3) chronic and
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in addition to direct tissue injury. Those who have experienced pain of any kind would attest
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it is not a pleasant experience and one they would happily do without. However from an
ontogeny perspective, pain serves a preservation purpose.
The primary role of pain is aptly summarized by Nikola Grahek in his book titled “Feeling
Pain and Being in Pain”:
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rid of it or at least alleviate it, especially if the pain is intrusive or severe5. (p.7)
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Stress Disorder (PTSD), depression, and anxiety with these injuries. The overlapping and
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recently characterized by Jonas et al. as war-related, trauma spectrum response (wrTSR). They
propose mind-brain/body injuries, such as traumatic brain injury (TBI), are more appropriately
addressed by a constellation (whole systems) view of the impact of that injury[8]:
Triggered by combined mind-brain/body injuries (MBIs), the various manifestations of wrTSR share many common pathophysio‐
logical and recovery mechanisms….environmental and/or psychosocial insult can induce a core constellation of common symptoms
that includes: (1) psychological and emotional distress (e.g., depression, anxiety, or anger); (2) cognitive impairment; (3) chronic and
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often refractory pain of organic and psychosomatic origins; (4) drug/opioid desensitization (with abuse potential); and (5) somatic
(sleep, appetite, sexual, and energy) dysfunction.8
The assessment of these components in complex interaction with each other and not as separate
problems provides a more comprehensive picture of traumatic injury, and one that is more in
line with the actual bio-psycho-social experience of the pain caused by the injury. To the extent
that this is true, combat related pain has the potential to be exacerbated by the psychological
aspects of war fighting. Addressing this constellation with approaches that impact them
collectively will provide a more logical and likely efficient and effective framework than
isolating them as “co-morbidities” each with their own specific treatments.
Combined physical, psychological, and social injury is not limited to injuries that are a result
of a blast or combat. The majority of injuries from Operation Iraqi Freedom (OIF), Operation
Enduring Freedom (OEF), and Operation New Dawn (OND) are not directly related to battle
injuries. An evaluation of medical evacuations over the course of the nine years of
OIF/OEF/OND found that most medical evacuations were not directly related to battle injuries.
Instead, musculoskeletal disorders and mental disorders accounted for more than half[9]. This
data is also supported by another evaluation that found non-battle injuries as the single largest
category responsible for medical evacuations (approximately 36 percent) with fracture,
inflammation/pain, and dislocation as the leading diagnosis. The leading body regions where
the injury occurred were back, knee, and wrist/hand[10].
There is evidence suggesting that injury severity and functional recovery are similar across all
groups – combat injury related to a blast exposure, injury due to combat, and injury in a noncom‐
bat zone. Not surprisingly blast exposure is associated with broader physical injuries, use of oral
analgesics, and higher rates of PTSD and other psychiatric diagnoses when compared to non-
blast injuries[11]. Whether blast related, combat related, or non-combat related, the majority of
injuries resulting from OIF/OEF/OND are associated with psychological and social injuries that
further complicate the successful management of pain regardless of its etiology.
Most clinicians and investigators find that pain, when viewed as a constellation of traumatic
physical, psychological, and social injury, is quite different from that of multi-system trauma
sustained in civilian circumstances and unrelated to combat operations. The additional signifi‐
cant family, relationship, and community factors are also aggravated as a result of the increased
operational tempo of multiple combat-related deployments. The stress of repetitive deploy‐
ments and rigorous training schedules even in the absence of combat-related trauma takes service
members away from the family, and the family away from their normal support systems.
Initiated by combined “mind-brain-body” injury the array of wrTSR manifestations and
behaviors probably share common pathophysiological and recovery mechanisms. One would
therefore expect the need for an integrated, patient and family-centered, multi-disciplinary
(body, mind, spirit, social, professional, and community), co-located team approach to
evaluation, collaborative problem prioritization, intervention, monitoring, reconditioning,
and reintegration back to military duty or to a productive civilian lifestyle.
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However, the traditional approach to helping service members and their families recover and
reintegrate into functional and meaningful military or civilian lifestyles is focused on pathol‐
ogy, disease and illness identification. Treatment is sought at separate medical departments
and clinics (medical, mental health, and surgical specialties), military installations, and
community programs. Each program independently evaluates and treats individuals (usually
service and family members separately) in an asynchronous, non-integrated process. And,
each typically deconstructs each separate problem affecting a particular body part or system
in isolation, and prescribes a particular medication or procedure for that specific problem.
Frequently these various and separately prescribed treatments interact and cause additional
adverse effects. Even when chronic pain is managed as the primary problem, traditional
measures focus on poly-pharmacy and localized procedures.
Although physical therapy, ultrasound, cold and heat applications, electrical stimulation, and
chiropractic adjustment are applied, these modalities are usually added to a traditionally
heavy medication load. This adds to the complexity of management and further increases risks
of adverse or counterproductive interactions. When employed, psychological evaluations and
counseling occur separately, and may add other drugs and treatments to the load.
Pharmacological agents go a long way in addressing acute pain and, when properly used,
potentially preventing the development of chronic pain[12]. However, the use of pain
medication comes at a high cost to the patient[13]. Recent studies and media reports have
documented the risks (drug addiction, abuse, and overuse) associated with addressing the bio-
psycho-social manifestations of pain with a poly-pharmacological approach[14],[15]. A 2008
Department of Defense (DoD) survey of health-related behaviors among active duty personnel
revealed approximately 25 percent reported abusing prescribed medications within 12 months
prior to the survey. Pain relievers were reported to be the most abused medication. The report
also highlighted that prescription drug abuse within the military is significantly higher than
among civilians[16].
The military has recently begun to recognize the limitations and risks associated with a
primarily pharmacological approach to pain and psychological injury.
“When the kids leave for school in the morning, Dad’s on the couch. The pain is controlled, victory for us and medicine – we did a
good job. But when the kids come home from school in the afternoon, Dad’s still on the couch. Medicine is still saying it’s doing its
job because the pain is controlled, but this person’s quality of life is probably not what they want it to be, definitely not what the
spouse wants it to be, [and] not what their family wants it to be.” 17
COL Galloway, Chief of Staff, U.S. Army’s Pain Management Task Force
Spurred by the challenges of treating complex, overlapping physical and psychological injuries
the military has begun to open the door to non-traditional approaches to pain management
particularly acupuncture.
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3. A Holistic approach to pain
Complementary and integrative (CI) therapies have existed for centuries albeit more so among
consumers than the medical community. However, the shift of CI therapies from the periphery
to a more mainstream position in conventional medicine began in the U.S. in the 1960s and
1970s and has continued ever since[18]. Spurred by compelling effectiveness evidence and
documentation of its popularity among the public[19] CI therapies have increasingly become
integrated into traditional medical care. More than other CI therapies, acupuncture has
undergone a significant integration particularly as a complement to traditional pain manage‐
ment approaches.
The preferred use of acupuncture for pain can be explained by a number of factors including
its underlying theory, evidence base, and delivery. The theory and approach of acupuncture
is guided by a different underlying assumption than conventional medicine. In conventional
medicine it is assumed the expression of symptoms such as pain is directly tied to a disease or
dysfunction in the physiological system. However in acupuncture, all aspects of a patient –
physical, psychological, symptoms, and other characteristics – are understood to contribute to
a pattern of imbalance[20]:
The Chinese method is based on the idea that no single part can be understood except in its relation to the whole. A symptom, therefore,
is not traced back to a cause, but is looked at as a part of a totality. If a person has a complaint or symptom, Chinese medicine wants
to know how the symptom fits into the patient’s entire being and behavior. Illness is situated in the context of a person’s life and
biography20 (p.7)
The theories that guide acupuncture are precisely what make it an ideal complement to the
bio-psycho-social model of pain management. The resolution offered in an acupuncture
treatment not only acknowledges the interplay of the internal and external factors involved in
the manifestation of pain in the patient, but it utilizes those factors to generate a holistic, healing
approach that goes beyond symptom management. Note, however, that this holistic frame‐
work means that simply adding acupuncture as another add-on, asynchronous modality in
the same manner other isolated treatments are provided may not optimize its effectiveness for
the entire spectrum of illness in wrTSR.
The underlying theory of acupuncture makes it an ideal candidate for inclusion into an
integrative approach to pain management and the current effectiveness evidence goes even
further in strengthening the justification of its integration. Over the past decade and a half
there has been a significant increase in both the quantity and quality of acupuncture studies.
A number of significant findings and consensus statements have confirmed and further
elucidated the effectiveness of acupuncture and its mechanistic underpinnings[21],[22].
More recently a number of reviews summarizing and evaluating the evidence of acupuncture for
chronic pain conditions have been conducted. A systematic review evaluating 51 randomized
controlled trials (RCT) for varying pain conditions found that the majority of high-quality studies
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that produced positive findings involved musculoskeletal pain[23]. A meta-analysis, examin‐
ing systematic reviews of acupuncture for chronic pain from 2005-2008, found acupuncture to be
effective for chronic osteoarthritis of the knee and headache. Improvement was maintained for
both short term (defined as less than three months after randomization) and long term (three
months or longer). Consistent with previous literature, the results for back pain were mixed – true
acupuncture was superior to sham in the short term, but the evidence for the long term was
mixed[24]. Further, a review evaluating and summarizing Cochrane reviews of acupuncture for
chronic pain conditions found that four reviews concluded acupuncture was effective for neck
disorders, tension-type headaches, and peripheral joint osteoarthritis[25].
While the current evidence of acupuncture for depression and anxiety remains mixed due to
many factors[26] it is still regarded as a promising therapy. A number of RCTs evaluating
acupuncture for generalized anxiety disorder or anxiety neurosis have demonstrated positive
results[27]. Additionally acupuncture, particularly ear acupuncture, has shown benefit in
addressing peri-operative anxiety[27]. Regarding depression, a recent systematic review
concluded that while the quality of studies examining acupuncture for depression had
improved, there was still insufficient evidence to draw a firm conclusion either in support for
or against acupuncture[28]. Although the research evaluating acupuncture for PTSD is still in
its infancy, the evidence so far indicates acupuncture could be very effective. In 2007 a three-
arm RCT comparing acupuncture to cognitive behavioral therapy (CBT) to a wait-list control
found that acupuncture provided treatment effects similar to CBT that were maintained three
months post-treatment. Additional studies are needed to confirm these initial findings.
A discussion of acupuncture effectiveness would not be complete without mention of the non-
specific effects of acupuncture. Much attention has been given to the fact that in many cases
the effectiveness of true acupuncture has been found to be no greater than sham or placebo
acupuncture. While often viewed in a negative light, this observation only serves to further
illuminate the effects of acupuncture. From a reductionist, disease treatment framework, non-
specific effects are to be isolated and minimized in favor of specific effects. However from a
more holistic and healing oriented framework being suggested here, they become core
mechanisms to enhance and maximize – facilitating the self-healing mechanisms not associ‐
ated with a single disease or illness syndrome. Acupuncture is more than the act of needle
insertion. It is embedded in a ritual that includes a narrative interaction and trusting relation‐
ship between the patient and acupuncturist. This interaction and relationship have been shown
to activate immune markers and specific neurotransmitters associated with symptom im‐
provement[29]. In many cases, especially for patients with a wide spectrum of problems, as in
wrTSR, these effects may be just what are needed.
Taken together, the underlying theory of acupuncture and the current evidence of its effec‐
tiveness support its inclusion into an integrative pain management strategy and the adoption
of a holistic model similar to one on which it is based. The U.S. military has come to a similar
determination and through a number of recent initiatives has made significant strides in
integrating acupuncture into its pain management paradigms.
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4. Military medicine initiatives — Creating a path for integration
Each of the United States Armed Forces provides the manpower, equipment, and facilities to
organize and sustain required capabilities, including health readiness, in order to maintain a
ready force across a range of military operations. By doctrine the Army, Navy and Air Force
are responsible for the force health protection, health service delivery, and health systems
support in alignment with Department of Defense policy and guidance.[30] The Navy is the
primary health readiness provider for the Marine Corps. The U.S. Coast Guard under the
Department of Homeland Security is the fifth armed service and, when directed by the
appropriate authority, deploys with the U.S. military. The uniformed U.S. Public Health
Service supports the Coast Guard for health readiness and it receives additional support from
other branches of the Department of Defense when deployed with them.
Traditionally the United States Army, Navy/Marine Corps, Air Force and Coast Guard (when
assigned to the Department of Defense) have approached health readiness somewhat differ‐
ently because of differences in mission capabilities, practices, and culture. In 2007 the medical
departments of the armed forces, under the purview of the Assistant Secretary of Defense for
Health Affairs, developed the Joint Force Health Protection Concept of Operations to improve
joint war fighting capabilities.[31] This was the first time the health and medical requirements
for U.S. troops irrespective of branch of service were codified.
The Department of Defense revised this policy in 2010 and 2011 expanding Joint Force Health
Protection into a hierarchy of health and medical requirements documents. At the topmost
level was the new overarching Health Readiness Concept of Operations policy that spelled
out the optimal health service that would go “anytime, anywhere” in support of military
operations consistent with the then newly expanded Military Health System Strategic Plan
composed of four mission elements: casualty care and humanitarian assistance/disaster
response; fit, healthy, and protected force; healthy and resilient individuals, families, and
communities; education, research, and performance improvement.[30] While some capabili‐
ties critical for military medical operations are explicitly delineated, complementary and
alternative medicine (CAM), integrated medicine and acupuncture are not mentioned.
In the United States and on permanent overseas bases and stations, in-garrison medical and
preventive health services are generally provided to service members by their own military
medical department. Under United States Code, Title 10, Chapter 55, family members, retirees,
and in special cases others are entitled to receive a broad-based healthcare benefit that is part
of the Defense Health Program under the policy direction of the Assistant Secretary of Defense
for Health Affairs in the Military Healthcare System.
In 2011 the Department of Defense provided a medical benefit to 9.7 million people for a total cost
of $52 billion. The vast majority of the money covered the cost of actual care. In 2011, 17,476 active
duty medical personnel medically supported 321,751 service members deployed overseas, and
medically evacuated 6,943 casualties including 221 amputees. “TRICARE” is the military medical
system for the health care of its active and retired service members and families. The Depart‐
ment of Defense Health Service Delivery Concept of Operations describes an ability “to build
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healthy communities by managing and delivering the health benefit, through the use of milita‐
ry treatment facilities, and the TRICARE network of healthcare providers.”[32]
The former Army Surgeon General, LTG Eric B. Schoomaker, chartered the Army Pain
Management Task Force in August 2009 to develop and recommend strategies for “compre‐
hensive pain management that is holistic, multidisciplinary, and multimodal in its approach,
utilizes state of the art/science modalities and technologies, and provides optimal quality of
life for Soldiers and other patients with acute and chronic pain.” The Task Force included a
variety of medical specialties and disciplines predominantly from the Army but included
representatives from the Navy, Air Force, TRICARE Management Activity, and Veterans
Health Administration (VHA) as well.
The Task Force reviewed pain management in the United States, concluding that variability
is common depending on provider and medical care delivery system factors. The report found
that pain can be effectively managed by over the counter and prescription medications but
that there are unintended consequences to the overreliance on them, with abuse highest in the
18-25 year old age demographic that encompasses many war casualties. The report acknowl‐
edged patients’ interest in treatments other than or in addition to medication, with CAM a
popular option.
Many of the Military Health System’s (MHS) challenges with pain management are very
similar to those faced by other medical systems, but the MHS also faces some unique issues
because of its distinctive mission, structure and patient population. For example:
• The nation expects the MHS to provide the highest level of care to those carrying war’s
heaviest burdens.
• The transient nature of the military population, including patients and providers, makes
continuity of care a challenge for military medicine.
• Pain management challenges associated with combat polytrauma patients require integrat‐
ed approaches to clinical care that cross traditional medical specialties, not all of which are
universally available across the MHS.
[The Army Medical Command] and MHS lack a comprehensive pain management strategy
that addresses current deficiencies. As a result, pain management initiatives are fragmented -
often driven by local champions and subject to retirements, changes of command, and annual
budget priorities for their continued existence.[33] (page E-2)
The Army Pain Management Task Force concluded that “improving pain management across
the DoD will require a significant reorganization, education, and training effort that will be
most effective if pursued as a part of a DoD and [Veterans Health Affairs] partnership.”
Additional pain medicine specialists would be needed as would support teams. The teams
would manage pain employing a biopsychosocial model of care evolving the standard of care
pain management to one not excessively rely on medication and creates a collaborative
interdisciplinary approach among providers from differing specialties.
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Protection into a hierarchy of health and medical requirements documents. At the topmost
level was the new overarching Health Readiness Concept of Operations policy that spelled
out the optimal health service that would go “anytime, anywhere” in support of military
operations consistent with the then newly expanded Military Health System Strategic Plan
composed of four mission elements: casualty care and humanitarian assistance/disaster
response; fit, healthy, and protected force; healthy and resilient individuals, families, and
communities; education, research, and performance improvement.[30] While some capabili‐
ties critical for military medical operations are explicitly delineated, complementary and
alternative medicine (CAM), integrated medicine and acupuncture are not mentioned.
In the United States and on permanent overseas bases and stations, in-garrison medical and
preventive health services are generally provided to service members by their own military
medical department. Under United States Code, Title 10, Chapter 55, family members, retirees,
and in special cases others are entitled to receive a broad-based healthcare benefit that is part
of the Defense Health Program under the policy direction of the Assistant Secretary of Defense
for Health Affairs in the Military Healthcare System.
In 2011 the Department of Defense provided a medical benefit to 9.7 million people for a total cost
of $52 billion. The vast majority of the money covered the cost of actual care. In 2011, 17,476 active
duty medical personnel medically supported 321,751 service members deployed overseas, and
medically evacuated 6,943 casualties including 221 amputees. “TRICARE” is the military medical
system for the health care of its active and retired service members and families. The Depart‐
ment of Defense Health Service Delivery Concept of Operations describes an ability “to build
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healthy communities by managing and delivering the health benefit, through the use of milita‐
ry treatment facilities, and the TRICARE network of healthcare providers.”[32]
The former Army Surgeon General, LTG Eric B. Schoomaker, chartered the Army Pain
Management Task Force in August 2009 to develop and recommend strategies for “compre‐
hensive pain management that is holistic, multidisciplinary, and multimodal in its approach,
utilizes state of the art/science modalities and technologies, and provides optimal quality of
life for Soldiers and other patients with acute and chronic pain.” The Task Force included a
variety of medical specialties and disciplines predominantly from the Army but included
representatives from the Navy, Air Force, TRICARE Management Activity, and Veterans
Health Administration (VHA) as well.
The Task Force reviewed pain management in the United States, concluding that variability
is common depending on provider and medical care delivery system factors. The report found
that pain can be effectively managed by over the counter and prescription medications but
that there are unintended consequences to the overreliance on them, with abuse highest in the
18-25 year old age demographic that encompasses many war casualties. The report acknowl‐
edged patients’ interest in treatments other than or in addition to medication, with CAM a
popular option.
Many of the Military Health System’s (MHS) challenges with pain management are very
similar to those faced by other medical systems, but the MHS also faces some unique issues
because of its distinctive mission, structure and patient population. For example:
• The nation expects the MHS to provide the highest level of care to those carrying war’s
heaviest burdens.
• The transient nature of the military population, including patients and providers, makes
continuity of care a challenge for military medicine.
• Pain management challenges associated with combat polytrauma patients require integrat‐
ed approaches to clinical care that cross traditional medical specialties, not all of which are
universally available across the MHS.
[The Army Medical Command] and MHS lack a comprehensive pain management strategy
that addresses current deficiencies. As a result, pain management initiatives are fragmented -
often driven by local champions and subject to retirements, changes of command, and annual
budget priorities for their continued existence.[33] (page E-2)
The Army Pain Management Task Force concluded that “improving pain management across
the DoD will require a significant reorganization, education, and training effort that will be
most effective if pursued as a part of a DoD and [Veterans Health Affairs] partnership.”
Additional pain medicine specialists would be needed as would support teams. The teams
would manage pain employing a biopsychosocial model of care evolving the standard of care
pain management to one not excessively rely on medication and creates a collaborative
interdisciplinary approach among providers from differing specialties.
Acupuncture in Military Medicine
http://dx.doi.org/10.5772/55146
335
The Task Force encouraged the DoD to responsibly explore safe and effective use of advanced
and non-traditional approaches to pain management and to “support efforts to make these
modalities covered benefits once they prove safe, effective and cost efficient.” 5 (page E-2)
The Army urged DoD to “establish pain as a priority, with an urgency that leads to practice
changes” with attention of prevention, prompt and appropriate treatment to relieve acute pain
and eliminate progression to chronic pain when possible. Cooperation between the DoD and
VHA would lead to shared common educational materials, venues, protocols, and formularies
providing “a standardized DoD and VHA vision and approach to pain management to
optimize the care for Warriors and their Families.”5 (page E-3)
In the body of the Task Force Report, acupuncture is specifically identified among 109
recommendations. The recommendation for standardized minimum training, skill attainment
and credentials includes acupuncture, spinal manipulation and an expansion of treatment
modalities to include CAM and integrative medicine. 5 (page 19). Training, skills and creden‐
tials are necessary preconditions to a holistic integrative multi-modal patient-centered care
plan. Acupuncture, Yoga/Yoga Nidra, non-allopathic chiropractic care, therapeutic massage,
biofeedback, and the mind-body techniques of meditation and mindfulness, combined active
and passive modalities, are recommended Tier 1 modalities: the highest level of supporting
scientific evidence. 5 (page 44).
The Army Medical Command issued a directive to the Army direct medical care system to
engage in a comprehensive pain management campaign plan. The issuance took the format of
an Army operational order.[34] The campaign plan included acupuncture and yoga as
modalities to reduce overreliance on medication. The operational order provided the mecha‐
nism and authority to make acupuncture available in Army military treatment facilities, for
credentialing acupuncturists and or other providers to add acupuncture as a privilege when
trained and skilled.
In a June 2011 meeting to discuss improving pain management for Warriors and Veterans
through the use of integrative medicine General Schoomaker remarked, “This is a unique,
historic moment to capitalize on what we know works to effectively treat pain. It marks the
beginning of a cultural shift in how health care is practiced in the military.”[35]
The Army Surgeon General’s establishment of the Pain Management Task Force coincided
with the U.S. Congress’ passage of the National Defense Authorization Act for 2010. The final
version of that bill, signed into law by the President, included Section 711, which required the
Secretary of Defense to develop and implement a comprehensive pain management policy for
the Military Health System and to report on its progress to Congress.
While each service has introduced integrative medicine therapies into their pain management
paradigm, the U.S. Army Medical Command currently has the strongest mandate for integra‐
tion with unequivocal support in terms of policy, procedures and resources for acupuncture,
yoga, and other alternative pain management modalities that have an adequate base of
evidence. The goals of the Army campaign are to meet patient demand for complementary
and alternative medicine that is integrated holistically into the lives of Soldiers and family
members, and to reduce excessive use, or supplement judicious use of pain medications. The
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Army Task Force recommended changing the paradigm of pain management to include
patient activities in addition to therapy delivered passively by a provider.
The military health benefit continues to evolve, and is based on evidence of efficacy and cost
effectiveness. Traditional Chinese Medicine and acupuncture are not yet covered benefits of
the TRICARE military health system, but acupuncture in one form or another is available to
some beneficiaries on a limited basis within some military treatment facilities. The challenge
for proponents of acupuncture and those who seek its benefits is that access is dependent on
local factors: i.e., acceptability of the practice in the eyes of local military medical leaders, local
credentials and privileging policies, referral mechanisms, and most importantly the availabil‐
ity of acupuncture practitioners.
The challenge of access to acupuncture services is also a challenge of training. Increasing the
number of providers trained in acupuncture will in turn increase the availability of acupunc‐
ture. Within the last decade, the U.S. Air Force has committed a number of resources to
increasing acupuncture availability and training.
The impetus for increased acupuncture availability began with establishment of the first ever,
full-time, medical acupuncture clinic at Andrews Air Force Base, Maryland in 2002. Through
the efforts of two medical acupuncturists Col (Ret) Richard Niemtzow, MD, PhD, MPH and
Col (Ret) Stephen M. Burns, MD the clinic offered acupuncture treatments aimed at addressing
pain in a more holistic way. The clinic, due to growing demand for acupuncture and reported
benefits [36] recently transitioned into an Acupuncture Center (AC).
In addition to the direct offering of acupuncture through the AC, and because of the success
of the AC, the Air Force in 2009 sponsored the training of 44 active duty military physicians
in medical acupuncture. Representatives from all three services – Army, Navy, Air Force, and
a variety of medical specialties participated in the training. The Navy’s Bureau of Medicine
and Surgery offered a similar training program in 2009-2010 to Navy participants [37].
These training programs generated a cadre of military physicians now capable of offering
acupuncture services. However the time constraints of current clinical practice (approximately
10 to 20 minutes per patient) presents a challenge to physicians offering a more traditional
acupuncture treatment that includes a comprehensive diagnostic evaluation and treatment
[37]. Additionally, military physicians practice in a number of austere training and combat-
operational environments that are not always conducive to a traditional acupuncture treat‐
ment; and the frequent deployments and military household moves render a transitory nature
to patients, making follow-up more difficult. In response to these clinical challenges, a number
of simple, standardized acupuncture protocols have been developed [37]. While these
approaches may not take advantage of the complete holistic models needed, they do offer new,
non-drug and non-stigmatizing options for pain and are scalable to a large population. The
Samueli Institute is currently testing the effectiveness of this standardized approach compared
to a more holistic acupuncture model and conventional care on pain in service members with
TBI. This research will help determine the “dose” and framework needed for delivery of
acupuncture in the most efficient manner.
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for proponents of acupuncture and those who seek its benefits is that access is dependent on
local factors: i.e., acceptability of the practice in the eyes of local military medical leaders, local
credentials and privileging policies, referral mechanisms, and most importantly the availabil‐
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number of providers trained in acupuncture will in turn increase the availability of acupunc‐
ture. Within the last decade, the U.S. Air Force has committed a number of resources to
increasing acupuncture availability and training.
The impetus for increased acupuncture availability began with establishment of the first ever,
full-time, medical acupuncture clinic at Andrews Air Force Base, Maryland in 2002. Through
the efforts of two medical acupuncturists Col (Ret) Richard Niemtzow, MD, PhD, MPH and
Col (Ret) Stephen M. Burns, MD the clinic offered acupuncture treatments aimed at addressing
pain in a more holistic way. The clinic, due to growing demand for acupuncture and reported
benefits [36] recently transitioned into an Acupuncture Center (AC).
In addition to the direct offering of acupuncture through the AC, and because of the success
of the AC, the Air Force in 2009 sponsored the training of 44 active duty military physicians
in medical acupuncture. Representatives from all three services – Army, Navy, Air Force, and
a variety of medical specialties participated in the training. The Navy’s Bureau of Medicine
and Surgery offered a similar training program in 2009-2010 to Navy participants [37].
These training programs generated a cadre of military physicians now capable of offering
acupuncture services. However the time constraints of current clinical practice (approximately
10 to 20 minutes per patient) presents a challenge to physicians offering a more traditional
acupuncture treatment that includes a comprehensive diagnostic evaluation and treatment
[37]. Additionally, military physicians practice in a number of austere training and combat-
operational environments that are not always conducive to a traditional acupuncture treat‐
ment; and the frequent deployments and military household moves render a transitory nature
to patients, making follow-up more difficult. In response to these clinical challenges, a number
of simple, standardized acupuncture protocols have been developed [37]. While these
approaches may not take advantage of the complete holistic models needed, they do offer new,
non-drug and non-stigmatizing options for pain and are scalable to a large population. The
Samueli Institute is currently testing the effectiveness of this standardized approach compared
to a more holistic acupuncture model and conventional care on pain in service members with
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In addition, the military is using other acupuncture approach models. These include the Helms
Medical Institute auricular trauma protocol (ATP) [38] which is an ear acupuncture protocol
in which needles are administered sequentially to the following points: hypothalamus,
amygdala, hippocampus, Master Cerebral, and Point Zero. The needles are typically left in for
30-120 minutes. The rationale for this protocol is based on the concept that the three affected
neurological structures in traumatic stress – amygdala, hippocampus, and prefrontal cortex –
are correlated with somatotopic reflex zones found on the ears. The “Koffman Cocktail” is a
bilateral, 4-point acupuncture protocol developed by U.S. Navy Capt Robert L. Koffman, MD
which has been suggested to be a calming and centering treatment [37]. The best known of
these standardized protocols is battlefield acupuncture (BFA). BFA is a bilateral, 5-point ear
acupuncture protocol aimed at addressing a number of pain conditions [39]. The following
acupuncture points are sequentially administrated: Cingulate Gyrus, Thalamus point, Omega
2, Point Zero, and Shen Men. Either the left or right ear is chosen for the placement of the
needles, or the needles are administered bilaterally until pain attenuation is reached. BFA was
developed by Dr. Niemtzow and has demonstrated preliminary success for a number of
refractory pain conditions [40], and has been associated with improved quality of life [36].
The additional expressed appeal of these simple, standardized acupuncture protocols lies in
the ability to teach a variety of providers who have no formal acupuncture training. The Air
Force Medical Service, through the Acupuncture Center, has begun to teach “mini-courses”
in BFA. The course is conducted by medical acupuncturists who have been trained in BFA and
have used it extensively in their own practice. The BFA course is typically conducted over a
one or two day time period and instruction includes background on the mechanistic theory of
BFA and a supervised clinical practice [37].
While these initiatives represent a profound change in military medicine in terms of approach
and delivery, how they are affecting acupuncture availability and utilization across the
military is unclear. Currently there has been no formal analysis of acupuncture availability or
utilization. However a number of media reports have documented the availability and use of
acupuncture throughout the military. These reports detail stories of both the front line and
state side use of acupuncture for PTSD, mild TBI, and pain.
On the front line, acupuncture has been used to treat PTSD and mild TBI at the Concussion
Restoration Care Center (CRCC), Camp Leatherneck, Afghanistan. The CRCC is part of a joint
Navy-Marine Corps effort, Operation Stress Control and Readiness Program, in which
psychiatrists and psychologists are placed within combat teams to provide mental health care
to troops in Afghanistan[41]. The former director of CRCC reported that, of the troops he
personally treated, a majority of them experienced improvements in sleep and decreases in
anxiety levels and frequency of headaches. Another story details acupuncture being used by
a military physical therapist to treat service members at the Courage Clinic, Camp Victory,
Iraq[42]. More recently acupuncture has begun to be offered to patients and crewmembers
aboard the Military Sealift Command hospital ship USNS Mercy in Vietnam for pain and
associated ailments[43]. Acupuncture was also used for pain management and stress relief
aboard the hospital ship USNS Comfort as part of a humanitarian and civic assistance
mission[44].
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In the U.S. acupuncture has been used at a number of military treatment facilities (MTFs) as a
part of holistic, multi-disciplinary programs. As mentioned earlier, the Acupuncture Center
at Joint Andrews Base has utilized acupuncture for a number of pain conditions, sleep, and
psychological issues[36]. At Walter Reed National Naval Medical Center (WRNNMC)
acupuncture has been used for phantom limb pain and it is used in the Specialized Care
Program (SCP) at the Deployment Health Clinical Center. The SCP is a three-week, multidis‐
ciplinary, therapy program for service members with post-deployment health concerns[45].
At the National Intrepid Center of Excellence in Bethesda, Maryland acupuncture is used for
treating stress and psychological disorders such as TBI and post-traumatic stress[46]. In Texas
acupuncture is part of the medical care offered to the Warrior Transition Brigade at Ft. Hood
for pain management and stress relief[47] and it is part of the Integrative Medicine Center
(IMC) at Ft. Bliss. The IMC was the first physical health and integrative medicine clinic in the
Department of Defense when it opened its doors approximately six years ago[48]. Also, the
Naval Medical Center San Diego (NMCSD) has been offering acupuncture since 1999 for the
treatment and management of pain[49] and just this year acupuncture was reported to be one
of the complementary therapies offered in the Wounded Warrior Program at Naval Hospital
Camp Pendleton[50].
An unpublished paper[51] examining the differences in the amount of services utilized
between non-acupuncture and acupuncture patients for the same diagnosis within the DoD
provides information, albeit preliminary and limited, on acupuncture availability and impact
on cost from the perspective of a military treatment facility (MTF). The paper reports that in
2008 the DoD had more than 40 licensed acupuncturists and that acupuncture was offered at
40 different MTFs. Data on acupuncture utilization revealed that in 2008 there were 12,209
clinical encounters that received an acupuncture code (Common Procedural Terminology
(CPT code). The majority of this patient population was between the ages of 20 and 49 and
active duty personnel. The top three diagnoses accompanying acupuncture codes were for low
back pain, fibromyalgia (myalgia), and neck pain. The author highlighted possible reasons for
the increased encounters by patients receiving acupuncture: 1) those who receive acupuncture
usually do so as part of a program of other therapies that would result in more encounters and
2) patients who elect to utilize acupuncture usually tend to do so as a last resort therefore their
conditions are usually more difficult to treat and are associated with increased encounters.
The paper concluded that patients who received acupuncture had more encounters resulting
in an increase of “revenue” for MTFs of approximately $2 million as calculated in the study[51].
The fact that the study did not address per patient per year government costs or opportunity
cost for the MTF prevents definitive conclusions to be drawn. While the limited analysis
reported in this paper sheds some preliminary light on the cost impact of acupuncture on the
military health system, there has yet to be a rigorous, comprehensive assessment of cost
analyses of acupuncture across the DoD. Recent economic analyses of acupuncture within
civilian health care systems have found it to be cost-effective for chronic pain[51], low back
pain[52],[53], headache[54], and neck pain[55].
The integration of any new therapy into an existing system of care requires continued
evaluation and assessment. While there has been a considerable amount research examining
Acupuncture in Military Medicine
http://dx.doi.org/10.5772/55146
339
In addition, the military is using other acupuncture approach models. These include the Helms
Medical Institute auricular trauma protocol (ATP) [38] which is an ear acupuncture protocol
in which needles are administered sequentially to the following points: hypothalamus,
amygdala, hippocampus, Master Cerebral, and Point Zero. The needles are typically left in for
30-120 minutes. The rationale for this protocol is based on the concept that the three affected
neurological structures in traumatic stress – amygdala, hippocampus, and prefrontal cortex –
are correlated with somatotopic reflex zones found on the ears. The “Koffman Cocktail” is a
bilateral, 4-point acupuncture protocol developed by U.S. Navy Capt Robert L. Koffman, MD
which has been suggested to be a calming and centering treatment [37]. The best known of
these standardized protocols is battlefield acupuncture (BFA). BFA is a bilateral, 5-point ear
acupuncture protocol aimed at addressing a number of pain conditions [39]. The following
acupuncture points are sequentially administrated: Cingulate Gyrus, Thalamus point, Omega
2, Point Zero, and Shen Men. Either the left or right ear is chosen for the placement of the
needles, or the needles are administered bilaterally until pain attenuation is reached. BFA was
developed by Dr. Niemtzow and has demonstrated preliminary success for a number of
refractory pain conditions [40], and has been associated with improved quality of life [36].
The additional expressed appeal of these simple, standardized acupuncture protocols lies in
the ability to teach a variety of providers who have no formal acupuncture training. The Air
Force Medical Service, through the Acupuncture Center, has begun to teach “mini-courses”
in BFA. The course is conducted by medical acupuncturists who have been trained in BFA and
have used it extensively in their own practice. The BFA course is typically conducted over a
one or two day time period and instruction includes background on the mechanistic theory of
BFA and a supervised clinical practice [37].
While these initiatives represent a profound change in military medicine in terms of approach
and delivery, how they are affecting acupuncture availability and utilization across the
military is unclear. Currently there has been no formal analysis of acupuncture availability or
utilization. However a number of media reports have documented the availability and use of
acupuncture throughout the military. These reports detail stories of both the front line and
state side use of acupuncture for PTSD, mild TBI, and pain.
On the front line, acupuncture has been used to treat PTSD and mild TBI at the Concussion
Restoration Care Center (CRCC), Camp Leatherneck, Afghanistan. The CRCC is part of a joint
Navy-Marine Corps effort, Operation Stress Control and Readiness Program, in which
psychiatrists and psychologists are placed within combat teams to provide mental health care
to troops in Afghanistan[41]. The former director of CRCC reported that, of the troops he
personally treated, a majority of them experienced improvements in sleep and decreases in
anxiety levels and frequency of headaches. Another story details acupuncture being used by
a military physical therapist to treat service members at the Courage Clinic, Camp Victory,
Iraq[42]. More recently acupuncture has begun to be offered to patients and crewmembers
aboard the Military Sealift Command hospital ship USNS Mercy in Vietnam for pain and
associated ailments[43]. Acupuncture was also used for pain management and stress relief
aboard the hospital ship USNS Comfort as part of a humanitarian and civic assistance
mission[44].
Acupuncture in Modern Medicine338
In the U.S. acupuncture has been used at a number of military treatment facilities (MTFs) as a
part of holistic, multi-disciplinary programs. As mentioned earlier, the Acupuncture Center
at Joint Andrews Base has utilized acupuncture for a number of pain conditions, sleep, and
psychological issues[36]. At Walter Reed National Naval Medical Center (WRNNMC)
acupuncture has been used for phantom limb pain and it is used in the Specialized Care
Program (SCP) at the Deployment Health Clinical Center. The SCP is a three-week, multidis‐
ciplinary, therapy program for service members with post-deployment health concerns[45].
At the National Intrepid Center of Excellence in Bethesda, Maryland acupuncture is used for
treating stress and psychological disorders such as TBI and post-traumatic stress[46]. In Texas
acupuncture is part of the medical care offered to the Warrior Transition Brigade at Ft. Hood
for pain management and stress relief[47] and it is part of the Integrative Medicine Center
(IMC) at Ft. Bliss. The IMC was the first physical health and integrative medicine clinic in the
Department of Defense when it opened its doors approximately six years ago[48]. Also, the
Naval Medical Center San Diego (NMCSD) has been offering acupuncture since 1999 for the
treatment and management of pain[49] and just this year acupuncture was reported to be one
of the complementary therapies offered in the Wounded Warrior Program at Naval Hospital
Camp Pendleton[50].
An unpublished paper[51] examining the differences in the amount of services utilized
between non-acupuncture and acupuncture patients for the same diagnosis within the DoD
provides information, albeit preliminary and limited, on acupuncture availability and impact
on cost from the perspective of a military treatment facility (MTF). The paper reports that in
2008 the DoD had more than 40 licensed acupuncturists and that acupuncture was offered at
40 different MTFs. Data on acupuncture utilization revealed that in 2008 there were 12,209
clinical encounters that received an acupuncture code (Common Procedural Terminology
(CPT code). The majority of this patient population was between the ages of 20 and 49 and
active duty personnel. The top three diagnoses accompanying acupuncture codes were for low
back pain, fibromyalgia (myalgia), and neck pain. The author highlighted possible reasons for
the increased encounters by patients receiving acupuncture: 1) those who receive acupuncture
usually do so as part of a program of other therapies that would result in more encounters and
2) patients who elect to utilize acupuncture usually tend to do so as a last resort therefore their
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the effectiveness of acupuncture conducted in the civilian population, there has been a paucity
of acupuncture research conducted in the military population. A review conducted to assess
the quantity and quality of acupuncture research within the military and veteran populations
found a total of only two RCTs, two observational studies, and four descriptive studies[56].
The mixed quality of these studies did not allow the authors to draw any definitive conclusions
regarding the effect of acupuncture. However the review did note that there are indicators
pointing to an increase in acupuncture research within these populations. A quick search of
the clinicaltrials.gov database (a database that provides the public with information about
current ongoing clinical research studies) found approximately a dozen trials examining the
effectiveness of acupuncture for a wide range of conditions including sleep, quality of life, sore
throat, gastro-esophageal reflux disease (GERD), Gulf War Illness, and acute pain.
Additionally the review highlighted a select number of completed or ongoing studies that
examined acupuncture for pain and stress disorders. Studies included an observational trial
conducted in 2005 evaluating the benefits of acupuncture offered through the Acupuncture
Center at the Joint Andrews Base for acute and chronic pain in active duty military personnel,
dependents, and retirees. Significant reductions in pain and improved quality of life scores
were reported[36]. A number of studies have been completed however the results have yet to
be published. They include a pilot study evaluating the feasibility of integrating BFA into the
aeromedical evacuation system from Ramstien Air Base, Germany to Joint Andrews Base and
another pilot study examining acupuncture for phantom limb pain that yielded promising
preliminary data. In 2006 a RCT evaluated acupuncture for PTSD in a cohort of service
members and the results were presented at a symposium in 2008. Finally the review mentioned
an exploratory, randomized study to examine the effectiveness of acupuncture for TBI related
headache in an active duty population at Walter Reed National Naval Medical Center that
began in 2011[56]. Of particular interest is the design of this study which will compare a
standardized ear acupuncture technique (developed by a medical acupuncturist) to an
individualized, semi-standard acupuncture protocol (developed by a licensed acupuncturist
and psychiatrist)[57]. While headache is the primary outcome of this study additional secon‐
dary measures examining sleep, stress, depression, and anxiety will be collected.
While these reports of current and ongoing research will add valuable information in terms of
acupuncture effectiveness, a significant gap remains between how acupuncture is being
utilized and the amount of acupuncture research that has been conducted in military popu‐
lations. An increase in research efforts will be required to determine if these military initiatives
are successfully being translated into improved health outcomes and cost savings.
5. Conclusion
The initiatives discussed in this chapter represent recognition by the military health system
that successful pain management requires a more comprehensive, holistic approach. They also
represent a clear commitment by the military to augment the current health care system to
allow for the inclusion of these therapies as complements to conventional pharmacological
and multi-disciplinary approaches.
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As it has been noted here and elsewhere [58] many barriers still exist and will need to be
addressed before full integration is realized. They include increasing the availability of
acupuncture through changes in credentialing and privileging polices for those already trained
and increasing acupuncture training opportunities; developing curricula to educate medical
students and current providers in integrative therapies; and to develop assessment tools that
capture effectiveness outcomes and impact outcomes (utilization and cost/benefit analyses).
As of August 2012 evidence-based complementary modalities are not yet a TRICARE (health
care program for Uniformed Service members, retirees and their families worldwide) benefit.
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the effectiveness of acupuncture conducted in the civilian population, there has been a paucity
of acupuncture research conducted in the military population. A review conducted to assess
the quantity and quality of acupuncture research within the military and veteran populations
found a total of only two RCTs, two observational studies, and four descriptive studies[56].
The mixed quality of these studies did not allow the authors to draw any definitive conclusions
regarding the effect of acupuncture. However the review did note that there are indicators
pointing to an increase in acupuncture research within these populations. A quick search of
the clinicaltrials.gov database (a database that provides the public with information about
current ongoing clinical research studies) found approximately a dozen trials examining the
effectiveness of acupuncture for a wide range of conditions including sleep, quality of life, sore
throat, gastro-esophageal reflux disease (GERD), Gulf War Illness, and acute pain.
Additionally the review highlighted a select number of completed or ongoing studies that
examined acupuncture for pain and stress disorders. Studies included an observational trial
conducted in 2005 evaluating the benefits of acupuncture offered through the Acupuncture
Center at the Joint Andrews Base for acute and chronic pain in active duty military personnel,
dependents, and retirees. Significant reductions in pain and improved quality of life scores
were reported[36]. A number of studies have been completed however the results have yet to
be published. They include a pilot study evaluating the feasibility of integrating BFA into the
aeromedical evacuation system from Ramstien Air Base, Germany to Joint Andrews Base and
another pilot study examining acupuncture for phantom limb pain that yielded promising
preliminary data. In 2006 a RCT evaluated acupuncture for PTSD in a cohort of service
members and the results were presented at a symposium in 2008. Finally the review mentioned
an exploratory, randomized study to examine the effectiveness of acupuncture for TBI related
headache in an active duty population at Walter Reed National Naval Medical Center that
began in 2011[56]. Of particular interest is the design of this study which will compare a
standardized ear acupuncture technique (developed by a medical acupuncturist) to an
individualized, semi-standard acupuncture protocol (developed by a licensed acupuncturist
and psychiatrist)[57]. While headache is the primary outcome of this study additional secon‐
dary measures examining sleep, stress, depression, and anxiety will be collected.
While these reports of current and ongoing research will add valuable information in terms of
acupuncture effectiveness, a significant gap remains between how acupuncture is being
utilized and the amount of acupuncture research that has been conducted in military popu‐
lations. An increase in research efforts will be required to determine if these military initiatives
are successfully being translated into improved health outcomes and cost savings.
5. Conclusion
The initiatives discussed in this chapter represent recognition by the military health system
that successful pain management requires a more comprehensive, holistic approach. They also
represent a clear commitment by the military to augment the current health care system to
allow for the inclusion of these therapies as complements to conventional pharmacological
and multi-disciplinary approaches.
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As it has been noted here and elsewhere [58] many barriers still exist and will need to be
addressed before full integration is realized. They include increasing the availability of
acupuncture through changes in credentialing and privileging polices for those already trained
and increasing acupuncture training opportunities; developing curricula to educate medical
students and current providers in integrative therapies; and to develop assessment tools that
capture effectiveness outcomes and impact outcomes (utilization and cost/benefit analyses).
As of August 2012 evidence-based complementary modalities are not yet a TRICARE (health
care program for Uniformed Service members, retirees and their families worldwide) benefit.
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1. Introduction
In this chapter, we present the patient-based outcome assessment (PBOA) instruments that
have been used to determine outcomes in acupuncture clinical research, and highlight
measures that are feasible, practical, economical, reliable, valid, and responsive to clinical
change. The material in this chapter has been previously published in the Journal of Alternative
and Complementary Medicine (See Footnote*1). This chapter has been edited to reflect and
enhance, in particular, recent discussions on measures that cover issues of specific concern to
the patient (i.e. health and wellbeing). It must be noted that often patient reported outcomes
are measured by questionnaires that cover issues of specific concern to the patient. However,
patient reported outcomes should be distinguished from PBOAs. Patient reported outcomes
connotes patient-provided (rather than clinician observed) information; however, the infor‐
mation sought may or may not be focused on what the patients consider the most important
health-related outcomes. An example of a patient-reported outcome is a sleep diary, in which
patients track and report hours of sleep during a trial of a sleep medication. On the other hand,
patient based outcomes explore the patient’s health from her own perspective, and include
1 *. Material in this chapter is republished from a journal article in the Journal of alternative and complementary medicine
(New York, N.Y.): Khorsan R, York A, Coulter ID, Wurzman R, Walter JA, Coeytaux RR. Patient-based outcome
assessment instruments in acupuncture research. J Altern Complement Med. 2010 Jan;16(1):27-35. Reprint permission
was granted via email correspondence on July 09, 2012 5:05 PM
© 2013 Khorsan et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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measures of health that may lie outside of traditional medical surveys. An example of a PBOA
related to a sleep medication trial is a self-report sleep diary in which the patient rates how
refreshed she feels following medication-induced sleep. For the purposes of this chapter we
define PBOA as any questionnaire, interview schedule and other related method or that
assesses the patient’s health, illness and benefits of health care interventions from the pa‐
tient’s perspective.
As health care costs continue to escalate in the U.S, especially in the military, there is renewed
pressure on both payers and providers to demonstrate that the services provided by all
clinicians are cost effective. There is also an emphasis on quality of patient care, manifested
through an increasing demand for evidence based medicine demonstrated through perform‐
ance measurement. Health care clinicians, patient advocates, regulatory authorities, adminis‐
trators and policy makers are increasingly recognizing that patient focused outcome research,
as captured by PBOA, is an important component of current quality based initiatives, and the
evaluation of health care services.
Outcome instruments  can provide information on the  effectiveness  of  interventions  and
inform “real life” clinical practice. There is a range of outcome instruments available for
acupuncture  research and clinical  practice,  yet  choosing the  best  outcome instrument  is
difficult  due  to  numerous  factors.  [1,2].  Some  of  the  important  features  of  outcome
measurements include that the instrument should: “(1) be valid, i.e. must measure what it
sets  out to test;  (2)  be reliable and consistent,  i.e.  it  should give reproducible results  on
different occasions or with comparable groups; [3] (3) be responsive to clinical change; (4)
be economical, (5) be feasible to administer; and (6) make it possible to compare findings
to  other  studies,  populations,  or  standard  norms,  etc.  (p.356)  [4]  In  addition  to  these
considerations,  the  patient  health  status  must  also  be  considered,  and  it  should  be
particularly suited to measure those aspects of health that the intervention of interest  is
likely  to  affect.  Selecting  suitable  outcome  instruments  can  be  time  consuming  and
challenging.  There are  hundreds of  outcome measure and instruments  available.  Instru‐
ments  can  be  patient-completed  (self-  administered)  questionnaires,  physiological  tests,
clinician-completed observation scales, task-specific activities/tests and impairment tests.
Assessing health outcomes associated with acupuncture is particularly challenging. [5]
Acupuncture has been claimed as an effective treatment for certain chronic pain conditions.
[6,7] According to the National Institutes of Health (NIH) Consensus Development Conference
Statement there is "clear evidence for acupuncture’s efficacy for treating postoperative and
chemotherapy nausea and vomiting, [8,9] the nausea of pregnancy, [10] and postoperative
dental pain.” [11] Acupuncture has also been claimed effective for other various pain condi‐
tions such as migraines, [12-14] back pain, [14] tennis elbow, [15,16] menstrual cramps, [17]
fibromyalgia, [18] and carpal tunnel syndrome. [19]
However, acupuncture, like many Complementary and Alternative Medicine (CAM) thera‐
pies, often does not involve a standardized protocol but rather is tailored to meet the patient’s
unique clinical presentation, needs or desires. In addition, previous studies have found that
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acupuncture may result in subtle improvements in a general sense of well-being in ways that
may not be measured by standardized instruments. [5] Therefore using PBOAs to assess the
benefits of acupuncture can be particularly meaningful, since they are customized to address
patients’ unique clinical needs and therapeutic goals. There still remains the challenge “to
define a priori a single set of clinical outcomes to assess.” [5]
1.1. The review
The objectives of the original review were to: 1) assess the available literature and identify the
most common pain, disability, and quality-of-life PBOA instruments used in acupuncture
research; 2) describe a framework for identifying appropriate sets of instruments; and 3)
address the challenges associated with these instruments that are relevant to acupuncture. This
chapter reassesses the available literature and identifies the most common PBOA instruments
used in the original review. Also, this chapter enhances and builds on the discussion concern‐
ing the frameworks, in identifying appropriate sets of instruments and some of the challenges
associated with the use of these instruments to measure acupuncture’s effects.
2. Methods
We conducted our original search in 2009. At that time, our search included all published
clinical trial abstracts in the PubMed database from inception to Feb 2009. We performed
another search in August 2012. This secondary search included all abstracts for clinical studies
published in PubMed from Feb 2009 to August 2012.
Our original search in 2009 was conducted in two phases. Initially, a broad systematic search
was performed to identify existing instruments for measuring pain, disability, general health
status and well-being found in acupuncture therapy studies. To be included in this phase of
the review, an instrument had to be used in at least 3 separate studies that met our search
criteria. Patient outcome instruments were included if they were found cited in the abstract of
a paper reporting research related to acupuncture. We used the same methodology for our
search from Feb 2009 to August 2012.
We categorized the type of patient outcome instruments into two categories: physiological or
patient-based. We used our definition of PBOA to sort and review those articles in full that
included PBOA and acupuncture. Because of time limitations, we did not pull the full text
articles for our secondary search from Feb 2009 to August 2012. Therefore we cannot discuss
whether a recent study (Feb 2009-August 2012) has a PBOA instrument as a primary or
secondary measure (See table 1).
For each instrument that was included, a second search was conducted to identify papers
reporting research on its psychometric properties. This second phase of searching was not
confined to studies of acupuncture. Data on the psychometric properties of identified instru‐
ments were subsequently extracted and compared (See table 2).
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Studies with No PBOA
(Inception - April 2009)
Included studies
(April 2009 - Aug
2012)
n % n % n %
Total number of studies 258 112 206
Study design
RCT 182 70.543% 39 34.821% 203 98.544%
CCT 28 10.853% 23 20.536% 38 18.447%
CO 8 3.101% 0 0.000% 9 4.369%
Mixed Design 2 0.775% 11 9.821% 9 4.369%
Pilot 25 9.690% 9 8.036% 40 19.417%
CT 8 3.101% 0 0.000% 0 0.000%
SR 5 1.938% 11 9.821% 7 3.398%
Other 0 0.000% 19 16.964% 0 0.000%
General Topic
musculoskeletal 86 33.333% 24 21.429% 1 0.485%
women's Health 25 9.689% 10 8.929% 6 2.913%
headache 24 9.302% 7 6.250% 1 0.485%
other type of conditions 21 8.139% 23 20.536% 18 8.738%
neurologic condition 20 7.751% 7 6.250% 7 3.398%
mental health 18 6.976% 5 4.464% 5 2.427%
gastrointestinal disorders 14 5.426% 3 2.679% 12 5.825%
addiction 11 4.263% 3 2.679% 7 3.398%
autoimmune condition 8 3.1% 11 9.821% 27 13.107%
cardiovascular condition 8 3.1% 8 7.143% 2 0.971%







pulmonary disorder 5 1.937% 2 1.786% 3 1.456%
allergy 4 1.55% 1 0.893% 16 7.767%
urological disorder 4 1.55% 5 4.464% 1 0.485%
sleep disorder 3 1.162% 0 0.000% 45 21.845%
PBOA Instrument is primary 192 74.418 NA NA U U
PBOA Instrument is secondary 21 8.139 NA NA U U
PBOA Instrument is valid and
reliable
223 NA U U
PBOA, patient-based outcome assessment; CO, cohort study; CCT, controlled clinical trial; CT=other clinical trial; Pilot,
pilot study; RCT, randomized control trial; SR, systematic review.
Table 1. Study Characteristics
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a The instruments (RM-24 & ODI version 2.0) are include in Roland and Fairbank (2000) appendixes (Roland M, Fairbank
J. The Roland-Morris Disability Questionnaire and the Oswestry Disability
Questionnaire. Spine 2000; 25: 3115–3124). When used in the forms reproduced in the appendixes (Roland and Fairbank
2000), no permission is required from the authors or from Spine.
b RAND Health, a research division of the RAND corporation, the Medical Outcomes Trust (MOT), Health Assessment Lab
(HAL), and QualityMetric Incorporated are co-copyright holders of the
Short Form Health Surveys.
c User registration is required at www.pms.ac.uk=mymop=index.php?c¼contact&s¼register.
d For purchase of questionnaire contact GL Assessments.
X, Available; U, unavailable.
Table 2. Common Pain, Disability, Depression, Health Status, and Well Being Measures use in clinical acupuncture
research (Total n= 464)
Acupuncture in Modern Medicine354
2.1. Inclusion and exclusion criteria
Originally the studies eligible for inclusion in the review included peer reviewed clinical trials,
case reports, and randomized controlled trials for which a full abstract was available. A
sensitive search was originally conducted for key search terms for ‘acupuncture’, 'pain',
‘disability’, ‘well-being’ and 'outcome measures'. Search terms for ‘acupuncture’ and 'pain'
were limited to the title or abstract to constrain the magnitude of the review yield to a
manageable size. For example search terms included: Acupuncture, Acupuncture Therapy,
Acupuncture, Ear, Acupuncture Points, Acupuncture Analgesia, patient, outcome, measure,
assessment and derivatives of each.
Acupuncture was defined according to the National Institutes of Health (NIH) National Center
for Complementary and Alternative Medicine (NCCAM). [11]
The search restrictions were human, clinical trial, editorial, letter, meta-analysis, practice
guideline, randomized controlled trial, and review for which a full abstract was available.
Full length manuscripts were pulled whenever possible. This review also obtained full
length manuscripts that reported the psychometric properties of the PBOA instruments.
Hard copies were obtained of the instruments of interest that were reported in included pa‐
pers. All abstract reviewed were in English. The search was restricted to instruments target‐
ed towards adults (i.e. 16 years or older). No upper age limit was set.
Of the 520 abstracts reviewed 111 abstracts were case reports. Nearly always, a case report is
written after the fact (after something of interest was noted in a given person). Therefore, a
research-oriented outcome measure would not be expected to have been administered in a
case report. For the purposes of this review, we exclude case reports from the final analysis.
We instead expanded our search to include all acupuncture clinical studies including but not
limited to pain (see figure 2). This systematic review excluded studies on laser acupuncture,
TENS, dry needling, audits, surveys, literature reviews, commentaries and proceedings.
The complete search strategy is illustrated in Figures 1 and 2. The database searched was
PubMed. All papers were screened for pain, disability, general health status and well-being
instruments that were reported in the title, abstract, and full article.
3. Results
The original search initially identified 582 articles. After screening of title/abstract, 212 articles
were excluded. From the remaining 370 citations, 258 manuscripts identified explicit PBOA,
while 112 abstracts did not include any PBOA (Fig. 1). A total of 258 manuscripts were extracted
and reviewed (Table 1). When we conducted our secondary search for new papers (2009-2012)
we found an additional 242 abstracts. Of the 242 article abstracts, 206 manuscript abstracts
identified explicit PBOA, while 12 abstracts did not include any PBOA (Fig. 2). We excluded
the 12 articles that did not include any PBOA from our discussion section and tables; therefore,
this chapter discusses the results of an aggregate total 464 articles with PBOA instruments.
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The  original  (inception)  and  secondary  searches  (2009-2012)  both  found  that  random‐
ized control  trials  (RCTs)  were the most  common design for  clinical  acupuncture studies
that  met  the  criteria  for  inclusion  in  this  discussion.  In  addition,  musculoskeletal
disorders  were  the  most  the  most  common  condition  researched  in  the  included




















































Figure 1. Primary search inclusion / exclusion flow chart
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the  most  common PBOA measure  identified.  Furthermore,  we found that  the  VAS and
the  Numerical  Pain  Rating  Scales  (NRS)  are  the  most  common scales  used  to  measure
pain  intensity.  [20]  The  most  commonly  used  health  status  and  well  being  instrument
was the SF-36.  The vast  majority of  studies included PBOA instruments as  their  primary
measure (~70%).
When we conducted our search in 2009, we found that the most common instruments used in











































Figure 2. Secondary search inclusion / exclusion flow chart
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The  original  (inception)  and  secondary  searches  (2009-2012)  both  found  that  random‐
ized control  trials  (RCTs)  were the most  common design for  clinical  acupuncture studies
that  met  the  criteria  for  inclusion  in  this  discussion.  In  addition,  musculoskeletal
disorders  were  the  most  the  most  common  condition  researched  in  the  included
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the  most  common PBOA measure  identified.  Furthermore,  we found that  the  VAS and
the  Numerical  Pain  Rating  Scales  (NRS)  are  the  most  common scales  used  to  measure
pain  intensity.  [20]  The  most  commonly  used  health  status  and  well  being  instrument
was the SF-36.  The vast  majority of  studies included PBOA instruments as  their  primary
measure (~70%).
When we conducted our search in 2009, we found that the most common instruments used in
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(n=39). Also in 2009, we found that about 60% of all acupuncture studies in this review used
some sort of Quality-of-Life (QoL) measure.
In 2012,  of  those instruments reviewed during our secondary search,  the Quality of  Life
Scale  (QoL)  was  the  most  common  PBOA  measure  identified.  The  Medical  Outcomes
Study Short  Form-36 (SF-36)  was the most  common QoL instrument used across all  study
designs  and  conditions.  Similar  to  our  original  search  in  2009,  the  VAS  and  the
Numerical  Pain Rating Scales (NRS) were the most  common scales used to measure pain
intensity.
The most common multi-dimensional pain scales used in acupuncture pain studies were the
McGill pain questionnaire (MPQ), the Oswestry Pain Disability Index (ODI), the Roland Morris
Disability/Activity Questionnaire (RM), and the Western Ontario and McMaster Universites
(WOMAC) Osteoarthritis Index. Table 1 provides a summary and characteristics of the studies
included. Data on the psychometric properties of identified instruments were subsequently
extracted and compared (See Table 2).
The number of  study participants  in the original  search included studies ranged from 5
to  14,161  subjects.  There  were  11  studies  that  included  1,000  or  more  subject  partici‐
pants.  The  vast  majority  of  the  studies  identified  in  this  review employed a  battery  of
instruments rather  than a single  instrument.  Most  study abstracts  included a number of
different  PBOA  instruments  as  well  as  including  both  patient  and  clinician  reported
instruments.
Our review found that identifying the main outcome of interest, i.e. pain as the primary
outcome measure, was common is acupuncture studies. This was especially true for our most
recent review of the literature (2009-2012). However, we also found that the types of existing
PBOA instruments used in acupuncture clinical studies varied widely in their length and
content from study to study. Some studies lacked standardized protocols for choosing PBOA
instrument (~20%).
4. Discussion
There seems to be an increase in studies from Feb 2009 to Aug 2012 that incorporate PBOA. In
2009 we found that 582 clinical trial abstracts for acupuncture that reported PBOA. On Aug 1,
2012 we found 242 clinical trial abstracts that incorporate PBOA. This large increase, in a short
time span, in clinical acupuncture studies that incorporate PBOA may reveal the considerable
maturation of the field of acupuncture research. Langevin et al. [21] published white paper,
identifies gaps in knowledge underlying the paradoxes and proposes strategies for their
resolution through translational research. The authors recommend that acupuncture treat‐
ments should be studied (1) “top down” as multi-component “whole-system” interventions
and (2) “bottom up” as mechanistic studies that focus on understanding how individual
treatment components interact and translate into clinical and physiological outcomes. They
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state that, “the complexity of acupuncture interventions makes it unlikely that even a battery
of standardized outcomes will adequately capture the richness of practitioners’ experiences,
which may inform optimal study design.” Langevin et al. recommend that, qualitative
methods be used “to explore the meaning that patients ascribe to an intervention, the process
and context by which healing occurs, outcomes that are relevant and meaningful to patients,
and how interventions fit within everyday lives [22].” [21] We discuss these challenges in more
detail in below sections.
4.1. Challenges and psychometric properties associated with PBOA instruments and
acupuncture
The goal of this section is to provide the reader with a rich outline of the important aspects of
the PBOA instruments examined in this review, rather than to discuss all the published works
relating to the PBOA instruments. Toward that effort, we will briefly discuss some of the
studies that highlight important aspects of a PBOA instrument (i.e., validity) that are significant
when considering its use as an outcome measure in acupuncture research or clinical care.
The VAS is a patient completed analogue instrument that evaluates pain intensity and
function, typically on a 100-mm-long horizontal or vertical line anchored at each end with a
statement representing the extremes of the dimension being measured. The patient places a
mark on the appropriate position on the line to represent his pain level. Generally, the NRS
styles also include a horizontal line, but unlike the VAS, the NRS uses whole numbers (typically
0-10) to measure pain severity.
Both instruments provide pain intensity estimates relatively quickly, are highly patient-
centered, have the most value when looking at change within individuals and are of less value
for comparing across a group of individuals at one time point. Also both instruments are quick
and simple to administer, [23] easy to translate into other languages, inexpensive, [24] and
readily available. [25]
The single dimensional pain intensity scales (i.e. the VAS and NRS) have been criticized for
their lack of sensitivity, oversimplifying the patient’s experience of pain, and their single
dimension of pain (e.g. intensity). [26] Also the VAS and NRS may not be an effective PBOA
instrument for patients who have cognitive or motor problems, and in young children and
elderly patients. [27]
Both in 2009 and 2012, we found that many (~60% or more) of all acupuncture studies in
this review used some sort of Quality-of-Life (QoL) measure. QOL is a broad multidimen‐
sional concept that usually includes subjective evaluations of both positive and negative
aspects of life. [28]
As stated, the Medical Outcomes Study Short Form-36 (SF-36) was the most common QoL
instrument used across all study designs and conditions. The SF-36, often referred to as the
MOS SF-36 [29], and the RAND 36-Item Health Survey 1.0 (distributed by RAND Corporation)
are identical scales with 36-item general health. In 2012, we found that the majority of acu‐
puncture clinical studies included QoL measures. For acupuncture and other CAM studies,
QoL instruments such as the Centers for Disease Control and Prevention’s (CDC) health-
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(n=39). Also in 2009, we found that about 60% of all acupuncture studies in this review used
some sort of Quality-of-Life (QoL) measure.
In 2012,  of  those instruments reviewed during our secondary search,  the Quality of  Life
Scale  (QoL)  was  the  most  common  PBOA  measure  identified.  The  Medical  Outcomes
Study Short  Form-36 (SF-36)  was the most  common QoL instrument used across all  study
designs  and  conditions.  Similar  to  our  original  search  in  2009,  the  VAS  and  the
Numerical  Pain Rating Scales (NRS) were the most  common scales used to measure pain
intensity.
The most common multi-dimensional pain scales used in acupuncture pain studies were the
McGill pain questionnaire (MPQ), the Oswestry Pain Disability Index (ODI), the Roland Morris
Disability/Activity Questionnaire (RM), and the Western Ontario and McMaster Universites
(WOMAC) Osteoarthritis Index. Table 1 provides a summary and characteristics of the studies
included. Data on the psychometric properties of identified instruments were subsequently
extracted and compared (See Table 2).
The number of  study participants  in the original  search included studies ranged from 5
to  14,161  subjects.  There  were  11  studies  that  included  1,000  or  more  subject  partici‐
pants.  The  vast  majority  of  the  studies  identified  in  this  review employed a  battery  of
instruments rather  than a single  instrument.  Most  study abstracts  included a number of
different  PBOA  instruments  as  well  as  including  both  patient  and  clinician  reported
instruments.
Our review found that identifying the main outcome of interest, i.e. pain as the primary
outcome measure, was common is acupuncture studies. This was especially true for our most
recent review of the literature (2009-2012). However, we also found that the types of existing
PBOA instruments used in acupuncture clinical studies varied widely in their length and
content from study to study. Some studies lacked standardized protocols for choosing PBOA
instrument (~20%).
4. Discussion
There seems to be an increase in studies from Feb 2009 to Aug 2012 that incorporate PBOA. In
2009 we found that 582 clinical trial abstracts for acupuncture that reported PBOA. On Aug 1,
2012 we found 242 clinical trial abstracts that incorporate PBOA. This large increase, in a short
time span, in clinical acupuncture studies that incorporate PBOA may reveal the considerable
maturation of the field of acupuncture research. Langevin et al. [21] published white paper,
identifies gaps in knowledge underlying the paradoxes and proposes strategies for their
resolution through translational research. The authors recommend that acupuncture treat‐
ments should be studied (1) “top down” as multi-component “whole-system” interventions
and (2) “bottom up” as mechanistic studies that focus on understanding how individual
treatment components interact and translate into clinical and physiological outcomes. They
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state that, “the complexity of acupuncture interventions makes it unlikely that even a battery
of standardized outcomes will adequately capture the richness of practitioners’ experiences,
which may inform optimal study design.” Langevin et al. recommend that, qualitative
methods be used “to explore the meaning that patients ascribe to an intervention, the process
and context by which healing occurs, outcomes that are relevant and meaningful to patients,
and how interventions fit within everyday lives [22].” [21] We discuss these challenges in more
detail in below sections.
4.1. Challenges and psychometric properties associated with PBOA instruments and
acupuncture
The goal of this section is to provide the reader with a rich outline of the important aspects of
the PBOA instruments examined in this review, rather than to discuss all the published works
relating to the PBOA instruments. Toward that effort, we will briefly discuss some of the
studies that highlight important aspects of a PBOA instrument (i.e., validity) that are significant
when considering its use as an outcome measure in acupuncture research or clinical care.
The VAS is a patient completed analogue instrument that evaluates pain intensity and
function, typically on a 100-mm-long horizontal or vertical line anchored at each end with a
statement representing the extremes of the dimension being measured. The patient places a
mark on the appropriate position on the line to represent his pain level. Generally, the NRS
styles also include a horizontal line, but unlike the VAS, the NRS uses whole numbers (typically
0-10) to measure pain severity.
Both instruments provide pain intensity estimates relatively quickly, are highly patient-
centered, have the most value when looking at change within individuals and are of less value
for comparing across a group of individuals at one time point. Also both instruments are quick
and simple to administer, [23] easy to translate into other languages, inexpensive, [24] and
readily available. [25]
The single dimensional pain intensity scales (i.e. the VAS and NRS) have been criticized for
their lack of sensitivity, oversimplifying the patient’s experience of pain, and their single
dimension of pain (e.g. intensity). [26] Also the VAS and NRS may not be an effective PBOA
instrument for patients who have cognitive or motor problems, and in young children and
elderly patients. [27]
Both in 2009 and 2012, we found that many (~60% or more) of all acupuncture studies in
this review used some sort of Quality-of-Life (QoL) measure. QOL is a broad multidimen‐
sional concept that usually includes subjective evaluations of both positive and negative
aspects of life. [28]
As stated, the Medical Outcomes Study Short Form-36 (SF-36) was the most common QoL
instrument used across all study designs and conditions. The SF-36, often referred to as the
MOS SF-36 [29], and the RAND 36-Item Health Survey 1.0 (distributed by RAND Corporation)
are identical scales with 36-item general health. In 2012, we found that the majority of acu‐
puncture clinical studies included QoL measures. For acupuncture and other CAM studies,
QoL instruments such as the Centers for Disease Control and Prevention’s (CDC) health-
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related quality of life (HRQOL) defines health as a multidimensional construct that includes
physical, mental, and social domains. This broad multidimensional aspect of QoL measure
may also be presented as a challenge since the term “quality of life” has meaning for nearly
everyone and every academic discipline, individuals and groups can define it differently.
Although health is one of the important domains of overall quality of life, there are other
domains as well—for instance, jobs, housing, schools, the neighborhood. Aspects of Culture,
values, and spirituality are also key aspects of overall quality of life that add to the complexity
of its measurement.” [30] Nevertheless, it seems that a many acupuncture studies use QoL as
a measure of health surveillance and intervention outcome. There are substantial reliability
and validity data for Qol measures such as the SF-36. [31-34] Other QoL measures used were
the NIH-Chronic Prostatitis Symptom Index (NIH-CPSI), the Nottingham Health Profile
(NHP), and the EuroQol 5-Dimension form (EQ-5D).
For pain related studies such as headache, musculoskeletal,  cancer,and treatment related
symptoms  the  most  common  scales  used  in  acupuncture  clinical  research  included  the
VAS,  NRS,  10-point  Likert  scale  on  subjective  experience  and  global  wellbeing  (n=25),
and symptom diary (n=40).  However,  most studies did not include citations for the use
of the 10-point Likert scale on subjective experience and global wellbeing and symptom
diary.  Therefore  it  is  unknown  if  there  are  any  validity  or  reliability  issues  associated
with these instruments.  The Symptom Diary was also commonly used among acupunc‐
ture studies of pulmonary, sleep, and urological disorders. We were unable to determine
whether  the  Symptom  Diaries  used  in  acupuncture  research  were  structured,  meaning
that the research participants recorded particular information related to a specific health
event or a particular research question;  or unstructured (i.e.,  journals,  used to explore a
patient’s spontaneous thoughts and feelings in relationship to a particular event). [35] No
study in this review cited a standardized and validated Symptom Diary. While there are
validated Symptom Diaries available (i.e., the Diagnostic Headache Diary), [36] it may be
that  most researchers are unable to find in the published literature a specific  diary that
meets their particular research question and therefore each research team devises its own
diary. [37]
Aside from brief or predictable procedure related pain, more comprehensive pain assessment
requires the determination of other characteristics of the pain, such as location and quality,
and its effect on mood and function. Multidimensional pain assessment tools have been
developed to quantitate these aspects of pain.
Our results found that the most common multi-dimensional pain scales used in acupuncture
pain studies were the McGill pain questionnaire (MPQ), the Oswestry Pain Disability Index
(ODI), the Roland Morris Disability/Activity Questionnaire (RM), and the Western Ontario
and McMaster Universities (WOMAC) Osteoarthritis Index.
McGill pain questionnaire (MPQ), also known as the Melzack pain questionnaire, was
developed by Ronald Melzack of McGill University in 1975. This original questionnaire
attempted to specify pain experience using 78 pain descriptors on 4 dimensions; I) sensory
(items 1-10), II) affective (items 11-15), III) evaluative (items 16) and; IV) an additional miscel‐
laneous descriptor (items 17–20). [38] In 1980, Melzack noted that the MPQ was too long and
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complex for use in most clinical trials, and a short form of the MPQ (SF-MPQ) was derived
from commonly used sensory and affective descriptors in the clinical studies Melzack
conducted up to that time.
The ODI, like the MPQ, is a self-report questionnaire designed for assessing the degree of
functional limitation in patients seeking secondary care for low-back pain, while the RM is
designed for assessing the degree of functional limitation in patients with low-back pain in
primary care. [39] The development, testing, and properties of both measures have been
extensively examined and adequately reviewed (Table 2). Both instruments have been
translated into many languages and used to evaluate outcome in a range of populations,
settings, and interventions.
The WOMAC is a disease specific, self administered questionnaire that evaluates three
dimensions: pain (5 questions), stiffness (2 questions), and physical function (17 questions).
[40] The WOMAC was constructed to evaluate patients’ experience of osteoarthritis (OA) of
the knee and hip. It was designed in the late eighties in response to the lack of a multidimen‐
sional instrument that could measure clinically important, patient-relevant symptoms of OA
in the knee and hip. [41]
The reliability and validity of the WOMAC has been demonstrated in a number of studies.
[40-45] Overall the WOMAC has been compared to many instruments [46-55] with mixed
results depending on which subscales (physical function, pain, and stiffness) were being
evaluated or on what specific condition was being evaluated (total hip arthroplasty, total knee
arthroplasty, OA of knee, OA of hip, rheumatoid).
Disability and depression scales were mainly used in acupuncture studies on mental health,
neurologic conditions, addiction, autoimmune condition and musculoskeletal disorders. The
most common disability and depression scales were the Pain Disability Index (PDI), and Beck
Depression Inventory (BDI).
The PDI is a patient-completed, condition-specific functional status questionnaire. [56] The
PDI rates the level of disability on a numerical rating scale (0=no disability and 10=maximum
disability) assessing 7 broad categories of activity including items on recreation, personal care,
activities related to home and family, work, frequency and quality of sex life, social activity
and general life-support functions (e.g. eating, sleeping, and breathing). [57-59]
The BDI [60-62] is a multiple-choice self-report inventory among the most widely used
instruments for measuring the severity of depression and related mental health. Both instru‐
ments were created to measure the intensity, severity, and depth of depression. There are
several versions of both instruments.
The PDI and the BDI have been translated into many languages and used to evaluate outcome
in a range of populations, settings, and interventions.
4.2. Measures for acupuncture in primary care settings and hospitals
The Measure Yourself Medical Outcome Profile (MYMOP), and the Hospital Anxiety and
Depression Scale (HADS) [63,64] were used in several acupuncture clinical studies, including
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related quality of life (HRQOL) defines health as a multidimensional construct that includes
physical, mental, and social domains. This broad multidimensional aspect of QoL measure
may also be presented as a challenge since the term “quality of life” has meaning for nearly
everyone and every academic discipline, individuals and groups can define it differently.
Although health is one of the important domains of overall quality of life, there are other
domains as well—for instance, jobs, housing, schools, the neighborhood. Aspects of Culture,
values, and spirituality are also key aspects of overall quality of life that add to the complexity
of its measurement.” [30] Nevertheless, it seems that a many acupuncture studies use QoL as
a measure of health surveillance and intervention outcome. There are substantial reliability
and validity data for Qol measures such as the SF-36. [31-34] Other QoL measures used were
the NIH-Chronic Prostatitis Symptom Index (NIH-CPSI), the Nottingham Health Profile
(NHP), and the EuroQol 5-Dimension form (EQ-5D).
For pain related studies such as headache, musculoskeletal,  cancer,and treatment related
symptoms  the  most  common  scales  used  in  acupuncture  clinical  research  included  the
VAS,  NRS,  10-point  Likert  scale  on  subjective  experience  and  global  wellbeing  (n=25),
and symptom diary (n=40).  However,  most studies did not include citations for the use
of the 10-point Likert scale on subjective experience and global wellbeing and symptom
diary.  Therefore  it  is  unknown  if  there  are  any  validity  or  reliability  issues  associated
with these instruments.  The Symptom Diary was also commonly used among acupunc‐
ture studies of pulmonary, sleep, and urological disorders. We were unable to determine
whether  the  Symptom  Diaries  used  in  acupuncture  research  were  structured,  meaning
that the research participants recorded particular information related to a specific health
event or a particular research question;  or unstructured (i.e.,  journals,  used to explore a
patient’s spontaneous thoughts and feelings in relationship to a particular event). [35] No
study in this review cited a standardized and validated Symptom Diary. While there are
validated Symptom Diaries available (i.e., the Diagnostic Headache Diary), [36] it may be
that  most researchers are unable to find in the published literature a specific  diary that
meets their particular research question and therefore each research team devises its own
diary. [37]
Aside from brief or predictable procedure related pain, more comprehensive pain assessment
requires the determination of other characteristics of the pain, such as location and quality,
and its effect on mood and function. Multidimensional pain assessment tools have been
developed to quantitate these aspects of pain.
Our results found that the most common multi-dimensional pain scales used in acupuncture
pain studies were the McGill pain questionnaire (MPQ), the Oswestry Pain Disability Index
(ODI), the Roland Morris Disability/Activity Questionnaire (RM), and the Western Ontario
and McMaster Universities (WOMAC) Osteoarthritis Index.
McGill pain questionnaire (MPQ), also known as the Melzack pain questionnaire, was
developed by Ronald Melzack of McGill University in 1975. This original questionnaire
attempted to specify pain experience using 78 pain descriptors on 4 dimensions; I) sensory
(items 1-10), II) affective (items 11-15), III) evaluative (items 16) and; IV) an additional miscel‐
laneous descriptor (items 17–20). [38] In 1980, Melzack noted that the MPQ was too long and
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complex for use in most clinical trials, and a short form of the MPQ (SF-MPQ) was derived
from commonly used sensory and affective descriptors in the clinical studies Melzack
conducted up to that time.
The ODI, like the MPQ, is a self-report questionnaire designed for assessing the degree of
functional limitation in patients seeking secondary care for low-back pain, while the RM is
designed for assessing the degree of functional limitation in patients with low-back pain in
primary care. [39] The development, testing, and properties of both measures have been
extensively examined and adequately reviewed (Table 2). Both instruments have been
translated into many languages and used to evaluate outcome in a range of populations,
settings, and interventions.
The WOMAC is a disease specific, self administered questionnaire that evaluates three
dimensions: pain (5 questions), stiffness (2 questions), and physical function (17 questions).
[40] The WOMAC was constructed to evaluate patients’ experience of osteoarthritis (OA) of
the knee and hip. It was designed in the late eighties in response to the lack of a multidimen‐
sional instrument that could measure clinically important, patient-relevant symptoms of OA
in the knee and hip. [41]
The reliability and validity of the WOMAC has been demonstrated in a number of studies.
[40-45] Overall the WOMAC has been compared to many instruments [46-55] with mixed
results depending on which subscales (physical function, pain, and stiffness) were being
evaluated or on what specific condition was being evaluated (total hip arthroplasty, total knee
arthroplasty, OA of knee, OA of hip, rheumatoid).
Disability and depression scales were mainly used in acupuncture studies on mental health,
neurologic conditions, addiction, autoimmune condition and musculoskeletal disorders. The
most common disability and depression scales were the Pain Disability Index (PDI), and Beck
Depression Inventory (BDI).
The PDI is a patient-completed, condition-specific functional status questionnaire. [56] The
PDI rates the level of disability on a numerical rating scale (0=no disability and 10=maximum
disability) assessing 7 broad categories of activity including items on recreation, personal care,
activities related to home and family, work, frequency and quality of sex life, social activity
and general life-support functions (e.g. eating, sleeping, and breathing). [57-59]
The BDI [60-62] is a multiple-choice self-report inventory among the most widely used
instruments for measuring the severity of depression and related mental health. Both instru‐
ments were created to measure the intensity, severity, and depth of depression. There are
several versions of both instruments.
The PDI and the BDI have been translated into many languages and used to evaluate outcome
in a range of populations, settings, and interventions.
4.2. Measures for acupuncture in primary care settings and hospitals
The Measure Yourself Medical Outcome Profile (MYMOP), and the Hospital Anxiety and
Depression Scale (HADS) [63,64] were used in several acupuncture clinical studies, including
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acupuncture for chronic pain management and in the elderly (Fig. 1). MYMOP is an outcome
measure originally developed to measure aspects and symptoms that a patient determines are
most important to her or him, and their effects. It is a sensitive measure of within-person change
over time, is applicable to the whole spectrum of illness seen in primary care, is capable of
measuring the effects of a wide variety of care, and enables the patient to score the chosen
variables. [65] The HADS consists of 14 questions, 7 for anxiety and 7 for depression. Although
it was originally designed for hospital general medical outpatients, it has been extensively
used for other populations such as in primary care. [63, 64]
The psychometric properties for the HADS have been extensively evaluated and validated
across a range of populations, settings, and interventions.
4.3. PBOA instruments in acupuncture versus conventional therapy research
In 2006, Hull et al., [5] researched the various methods of assessing clinically meaningful
change associated with a course of acupuncture treatments. They reported that assessing
outcomes  associated  with  acupuncture  is  particularly  challenging  compared  to  other
therapies because ‘‘acupuncture may result in subtle improvements in a general sense of
well-being  in  ways  that  may  not  be  measured  by  standardized  instruments,  and  acu‐
puncture  treatments  often  are  customized  to  meet  individual  patients’  unique  clinical
needs and therapeutic goals, thereby making it difficult to define a priori a single set of
clinical outcomes to assess’’ (p. 247). [5] We believe that Hull et al. correctly assert that
the  effects  of  acupuncture  cannot  be  easily  quantified  by  commonly  examined  clinical
outcomes due to its whole systems construct.
CAM therapies are often based on whole medical systems that are built upon complete systems
of theory and practice, as is true for acupuncture. [66] Most research on acupuncture effects
and application remains inconclusive among contemporary biomedical researchers and
clinicians because the acupuncture research does not generally involve a standardized
protocol. Acupuncturists generally tailor the treatments and therapeutic objectives to meet the
individual patient’s unique clinical presentation, needs, or desires. In addition, Hull et al. state
that, “such individualized treatment approaches and therapeutic objectives may limit the
ability of standardized instruments to assess meaningful clinical change among groups of
patients’’ (p. 248). [5]
4.4. Next steps: The need for more comparative research
The allopathic medical model limits treatment modalities to medications alone or in com‐
bination with,  procedures,  surgery and physical  therapy.  A more whole person integra‐
tive  approach  opens  the  therapeutic  window to  other  options  that  can  provide  healing
benefits.
The gold standard double blind placebo controlled drug trial has an honored place in modern
science-based medicine but this method of study does not provide information about the
patient as a person across the full spectrum of their health goals, expectations and needs.
Regardless of the mechanisms by which acupuncture might provide benefit or harm patient-
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based outcome assessments must be developed that can be trusted, provide meaning and point
the way toward their impacts.
Many patients suffer from chronic conditions for which standard diagnostics and treatments
do not result in understanding, cure or satisfactory strategies to achieve better health with
disease. In these cases other systems of medicine suggest approaches that may offer hope,
relief, facilitate healing, and result in a greater degree of health. Additionally, for some people
a surgical, molecular and biological cure may result in unnecessary disability because the
barriers to whole-person healing and thriving were not removed. Each person can be respon‐
sible for some determinants of their own health and well-being and some whole-person
alternative medical models better assure personal involvement and activation in the promo‐
tion of health and healing. Maturing our understanding of patient-based outcomes assess‐
ments can facilitate personalized, precision and participatory health behaviors and activities.
Acupuncture and other non-pharmacological means to address acute, chronic and syndromic
conditions should be addressed by comparative research to reveal optimal healing effective
and safe strategies.
4.5. Finding more information on PBOA instruments
There  are  electronic  databases  established  as  sources  of  information  on  PBOA  instru‐
ments for clinical and research use. Some can be accessed free of charge, whereas others
require membership or fees. Khorsan et al discuss many common electronic databases and
translated version of  PBOA instruments available for researchers and clinicians [4].  One
such source is the Patient-Reported Outcomes Measurement Information System (PROMIS).
[67] PROMIS was originally developed as an NIH Roadmap network project intended to
develop,  validate,  and  standardize  item  banks  to  measure  patient-reported  outcomes
relevant across common medical conditions. [68]The PROMIS is a publicly available system
that can be added to and modified periodically, and which allows clinical researchers to
access a common repository of items and computerized adaptive tests. The PROMIS is also
a network for  researchers  and clinicians to  collaborate  on the collection of  self-reported
data  from  diverse  populations  with  a  variety  of  chronic  diseases,  using  agreed-upon
methods, models, and questionnaires.
4.6. Limitation
This study does not review all  the measures found. It  reviews the most frequently used
measures. It therefore isn’t a review of all the ‘pain disability’ measures. The aims of this
review are to assess the common measures available and used, to identify the PBOA, and
to describe a framework for identifying appropriate sets of measures, while addressing the
unique challenges associated with use of these measures to assess acupuncture. A limitation
of our review was that the outcome instrument had to appear in at least 3 publications in
order to be included.
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acupuncture for chronic pain management and in the elderly (Fig. 1). MYMOP is an outcome
measure originally developed to measure aspects and symptoms that a patient determines are
most important to her or him, and their effects. It is a sensitive measure of within-person change
over time, is applicable to the whole spectrum of illness seen in primary care, is capable of
measuring the effects of a wide variety of care, and enables the patient to score the chosen
variables. [65] The HADS consists of 14 questions, 7 for anxiety and 7 for depression. Although
it was originally designed for hospital general medical outpatients, it has been extensively
used for other populations such as in primary care. [63, 64]
The psychometric properties for the HADS have been extensively evaluated and validated
across a range of populations, settings, and interventions.
4.3. PBOA instruments in acupuncture versus conventional therapy research
In 2006, Hull et al., [5] researched the various methods of assessing clinically meaningful
change associated with a course of acupuncture treatments. They reported that assessing
outcomes  associated  with  acupuncture  is  particularly  challenging  compared  to  other
therapies because ‘‘acupuncture may result in subtle improvements in a general sense of
well-being  in  ways  that  may  not  be  measured  by  standardized  instruments,  and  acu‐
puncture  treatments  often  are  customized  to  meet  individual  patients’  unique  clinical
needs and therapeutic goals, thereby making it difficult to define a priori a single set of
clinical outcomes to assess’’ (p. 247). [5] We believe that Hull et al. correctly assert that
the  effects  of  acupuncture  cannot  be  easily  quantified  by  commonly  examined  clinical
outcomes due to its whole systems construct.
CAM therapies are often based on whole medical systems that are built upon complete systems
of theory and practice, as is true for acupuncture. [66] Most research on acupuncture effects
and application remains inconclusive among contemporary biomedical researchers and
clinicians because the acupuncture research does not generally involve a standardized
protocol. Acupuncturists generally tailor the treatments and therapeutic objectives to meet the
individual patient’s unique clinical presentation, needs, or desires. In addition, Hull et al. state
that, “such individualized treatment approaches and therapeutic objectives may limit the
ability of standardized instruments to assess meaningful clinical change among groups of
patients’’ (p. 248). [5]
4.4. Next steps: The need for more comparative research
The allopathic medical model limits treatment modalities to medications alone or in com‐
bination with,  procedures,  surgery and physical  therapy.  A more whole person integra‐
tive  approach  opens  the  therapeutic  window to  other  options  that  can  provide  healing
benefits.
The gold standard double blind placebo controlled drug trial has an honored place in modern
science-based medicine but this method of study does not provide information about the
patient as a person across the full spectrum of their health goals, expectations and needs.
Regardless of the mechanisms by which acupuncture might provide benefit or harm patient-
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based outcome assessments must be developed that can be trusted, provide meaning and point
the way toward their impacts.
Many patients suffer from chronic conditions for which standard diagnostics and treatments
do not result in understanding, cure or satisfactory strategies to achieve better health with
disease. In these cases other systems of medicine suggest approaches that may offer hope,
relief, facilitate healing, and result in a greater degree of health. Additionally, for some people
a surgical, molecular and biological cure may result in unnecessary disability because the
barriers to whole-person healing and thriving were not removed. Each person can be respon‐
sible for some determinants of their own health and well-being and some whole-person
alternative medical models better assure personal involvement and activation in the promo‐
tion of health and healing. Maturing our understanding of patient-based outcomes assess‐
ments can facilitate personalized, precision and participatory health behaviors and activities.
Acupuncture and other non-pharmacological means to address acute, chronic and syndromic
conditions should be addressed by comparative research to reveal optimal healing effective
and safe strategies.
4.5. Finding more information on PBOA instruments
There  are  electronic  databases  established  as  sources  of  information  on  PBOA  instru‐
ments for clinical and research use. Some can be accessed free of charge, whereas others
require membership or fees. Khorsan et al discuss many common electronic databases and
translated version of  PBOA instruments available for researchers and clinicians [4].  One
such source is the Patient-Reported Outcomes Measurement Information System (PROMIS).
[67] PROMIS was originally developed as an NIH Roadmap network project intended to
develop,  validate,  and  standardize  item  banks  to  measure  patient-reported  outcomes
relevant across common medical conditions. [68]The PROMIS is a publicly available system
that can be added to and modified periodically, and which allows clinical researchers to
access a common repository of items and computerized adaptive tests. The PROMIS is also
a network for  researchers  and clinicians to  collaborate  on the collection of  self-reported
data  from  diverse  populations  with  a  variety  of  chronic  diseases,  using  agreed-upon
methods, models, and questionnaires.
4.6. Limitation
This study does not review all  the measures found. It  reviews the most frequently used
measures. It therefore isn’t a review of all the ‘pain disability’ measures. The aims of this
review are to assess the common measures available and used, to identify the PBOA, and
to describe a framework for identifying appropriate sets of measures, while addressing the
unique challenges associated with use of these measures to assess acupuncture. A limitation
of our review was that the outcome instrument had to appear in at least 3 publications in
order to be included.




In conclusion, acupuncture researchers, like all clinical researchers, should assess the appro‐
priateness of their treatment approach defined and measured by clinically significant change
and determine patient satisfaction with the intervention. We found in this review that
acupuncture research includes a combination of validated instruments, such as common
standardized questionnaires that assess functional status or health-related QoL before and
after the administration of a therapeutic intervention for a specific condition. Examples include
the VAS, NRS, and SF-36 and disease specific QoL instrument such as the WOMAC, BDI, and
RM used to quantify change over time. However, acupuncture research also included a wide
variety of unvalidated instruments like the 10-point Likert scale on subjective experience and
global well-being and Symptom Diary. Both types of measures were used to capture particular
health and wellbeing information from the study participants in relationship to a specific
health event or an experience based on a particular research question that no single instrument
and no combination of validated scales alone could achieve. The large number of unvalidated
PBOA instruments in acupuncture research may be associated with the paradigm of whole
systems medicine [5]. Therefore, instruments such as MYMOP may be most useful for
assessing clinical change in patients who present for acupuncture treatment with a variety of
symptoms, clinical conditions, and therapeutic objectives.5 Further research is needed to
determine whether these results apply across other whole medical system therapies compared
more so than to conventional therapy research.
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1. Introduction
Acupuncture  treatment  can  be  delivered  from  the  offices  of  health  care  professionals.
Acupuncture  is  most  commonly  practiced  by  individuals  working  within  the  comple‐
mentary  and  alternative  medicine  (CAM)  sector;  such  as  those  self-identifying  as  ‘pri‐
mary’  acupuncture  practitioners,  and chiropractors,  massage  therapists  and naturopaths
will  often  administer  acupuncture  treatment  as  part  of  their  holistic  approach to  medi‐
cine. On the conventional medicine (CM) side, some dentists use acupuncture to help pa‐
tients  deal  with  anxiety  [1],  pain  [2]  and  to  control  the  gag  reflux  through
‘hypnopuncture’ [3] and ‘integrative’ family doctors and physiotherapists may suggest or
administer acupuncture treatment for chronic pain issues [4].
Generally speaking, health care professionals and medical facilities are not located equal‐
ly over geographic area. The spatial disparities in health care accessibility that these sup‐
ply  configurations  create  for  citizens  within  various  jurisdictions  continues  to  be  an
important concern of medical geographers, policymakers and the like. Researchers exam‐
ining the geography of health care supply in countries such as Canada have, more often
than  not,  assessed  the  CM sector  with  analysis  on  the  distribution  of,  and accessibility
patterns  to,  family  doctors,  specialists  and/or  hospitals  [5-13].  Analysis  on  the  spatial
properties of  CAM is  emerging at  a  more modest  rate (for reviews of  the literature see
[14-18]) and there are examples of empirical geographic research on specific CAM health
care such as chiropractors and naturopaths [19-26].  Although acupuncture research con‐
tinues to expand within a number of fields [27],  there is need for geographic study [28]
which, aside from contributions from Meyer [18,29], remains underdeveloped.
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In Canada, many practitioners that administer health services are small business owners
functioning in competitive markets. This is certainly true of CAM operators (such as acu‐
puncture  practitioners,  chiropractors  and  naturopaths),  but  also  dentists.  The  economic
success of a small  health care establishment is  undoubtedly dependent on favorable pa‐
tient  outcomes,  but  profitability  may  also  be  a  function  of  visibility  as  most  consumer
services  need to  be  ‘seen’  to  be  accessible  to  new patrons.  Indeed,  visibility  has  strong
geographic  connotations.  “What  we  see  is  that  which  lies  within  our  field  of  vision,
where the boundaries of this field are shaped by the spatial  and temporal properties of
the here and now” [30]. A business’s ability to be ‘within our field of vision’ may be en‐
hanced  in  a  number  of  ways;  such  as  by  being  strategically  situated  in  a  high  traffic/
high volume location or  by placing advertisements  in  various  media.  Visibility  require‐
ments will vary with the operator; a well-respected health care provider may, with time,
rely less on being visible and more on an excellent reputation. Nevertheless, understand‐
ing  where  health  care  providers  are  located,  in  light  of  visibility  characteristics,  is  the
first step in appreciating the magnitude of these possible advantages. As such, this study
focuses on the specific  case of  acupuncture services  in  the Toronto census metropolitan
area (CMA), located within the Canadian province of Ontario.
2. Methodology
Four  types  of  health  care  providers  that  offer  acupuncture  services  are  considered:  pri‐
mary  acupuncture  practitioners,  chiropractors,  naturopaths  and  dentists.  Primary  acu‐
puncture offices represent locations where acupuncture treatments are definitely offered;
whereas  chiropractor  and naturopath offices  are  locations  with likely  acupuncture  serv‐
ices  and  dentist  offices  are  locations  with  possible  acupuncture  options.  Therefore,  a
number of 2012 datasets, purchased from InfoCanada [31], were utilized for the Toronto
metropolitan area:
1. The locations, characteristics (sales, employment and the like) and advertising habits (such
as yellow pages, website ads and overall advertising expenditure) of 306 offices for which
acupuncture is the primary medical service;
2. The locations, characteristics and advertising habits of 848 chiropractic and 149 naturo‐
pathic proprietors (for a total of 997); and
3. The locations, characteristics and advertising habits of 2,942 dentist offices.
All of these offices were placed on a road network layer [32] using the ArcGIS (version 10.0)
‘address locator’ geocoding function. Within the geographic information system (GIS)
environment, these points were compared with respect to visibility advantages. More specif‐
ically, each office point was evaluated in terms of being within or beyond ‘high visibility areas’
and if each office participated in a high or low ‘visibility approach’.
High visibility areas are comprised of two components: high visibility polygons and high
visibility arcs (lines). By extracting blocks from an Ontario land use map [33], a layer of high
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visibility polygons was created by isolating commercial land use blocks and blocks adjacent
to commercial areas. In a similar fashion, highways and major roads were taken from an
Ontario road network layer [32] and saved as a specific high visibility arc (road) layer.
Logically, offices in and around commercial zones and/or on well-travelled streets will feature
high traffic volume and thus are high visibility areas. Conversely, low visibility areas are those
that are not near commercial zones and not along a major road or highway. Acupuncture,
chiropractor/naturopath and dentist office points were, hence, denoted as being located in high
or low visibility areas. A high visibility approach was defined in this study as an office that
utilizes a display ad in the yellow pages and/or has an above average advertising to sales ratio.
A low visibility approach means the office does not have a listing in the yellow pages or only
a regular listing (no display ad) and an advertising to sales ratio that is below average (as
measured for all offices within the given category in metropolitan Toronto). Therefore, the
three health care categories were further stratified by visibility approach (high or low). Online
advertising was not specifically integrated into the visibility approach measure due to so few
practitioners with a website listing in this database, but general observations are made
nevertheless.
Based on these visibility ‘area’ and ‘approach’ stipulations, a series of layers/maps were
derived in the GIS environment and important geographic patterns concerning the visibility
tendencies of those offering, or potentially offering, acupuncture services were realized.
Essentially, points were allocated into four groups: 1) high visibility area with a high visibility
approach, 2) high visibility area with a low visibility approach, 3) low visibility area with a
high visibility approach and 4) low visibility area with a low visibility approach.
The point distributions of these four visibility categories, for each of the three health care
categories, were analyzed further to understand within metropolitan Toronto patterns. Spe‐
cifically, a nearest neighbor analysis of the point patterns was employed using the applica‐
tion within ArcGIS. The nearest neighbor significance test indicates if an observed pattern of
points deviates from a theoretical (random) distribution sufficiently enough to be consid‐
ered significantly clustered or dispersed in space [34]. A nearest neighbor ratio (or index) is
derived and this allows for point distributions, within the same sample area, to be compared
directly in terms of the degree of clustering and/or dispersion. The ratio/index values were
calculated using the Manhattan city block method (right angle distance computations) with
the actual metropolitan Toronto area (5,905.71 kilometers square). The nearest neighbor
analysis provided more elucidation into the visibility tendencies of the health care providers
and corroborated the patterns displayed in the maps. Also, to more precisely assess munici‐
pality differences within metropolitan Toronto, a census subdivision (CSD) layer [35] and
Census of Canada 2011 population and population change variables were used [36]. See Fig‐
ure 1 for the location of each municipality.
Evaluating the Geography and the Visibility Tendencies of Acupuncture Treatment Locations in Metropolitan Toronto
http://dx.doi.org/10.5772/54599
373
In Canada, many practitioners that administer health services are small business owners
functioning in competitive markets. This is certainly true of CAM operators (such as acu‐
puncture  practitioners,  chiropractors  and  naturopaths),  but  also  dentists.  The  economic
success of a small  health care establishment is  undoubtedly dependent on favorable pa‐
tient  outcomes,  but  profitability  may  also  be  a  function  of  visibility  as  most  consumer
services  need to  be  ‘seen’  to  be  accessible  to  new patrons.  Indeed,  visibility  has  strong
geographic  connotations.  “What  we  see  is  that  which  lies  within  our  field  of  vision,
where the boundaries of this field are shaped by the spatial  and temporal properties of
the here and now” [30]. A business’s ability to be ‘within our field of vision’ may be en‐
hanced  in  a  number  of  ways;  such  as  by  being  strategically  situated  in  a  high  traffic/
high volume location or  by placing advertisements  in  various  media.  Visibility  require‐
ments will vary with the operator; a well-respected health care provider may, with time,
rely less on being visible and more on an excellent reputation. Nevertheless, understand‐
ing  where  health  care  providers  are  located,  in  light  of  visibility  characteristics,  is  the
first step in appreciating the magnitude of these possible advantages. As such, this study
focuses on the specific  case of  acupuncture services  in  the Toronto census metropolitan
area (CMA), located within the Canadian province of Ontario.
2. Methodology
Four  types  of  health  care  providers  that  offer  acupuncture  services  are  considered:  pri‐
mary  acupuncture  practitioners,  chiropractors,  naturopaths  and  dentists.  Primary  acu‐
puncture offices represent locations where acupuncture treatments are definitely offered;
whereas  chiropractor  and naturopath offices  are  locations  with likely  acupuncture  serv‐
ices  and  dentist  offices  are  locations  with  possible  acupuncture  options.  Therefore,  a
number of 2012 datasets, purchased from InfoCanada [31], were utilized for the Toronto
metropolitan area:
1. The locations, characteristics (sales, employment and the like) and advertising habits (such
as yellow pages, website ads and overall advertising expenditure) of 306 offices for which
acupuncture is the primary medical service;
2. The locations, characteristics and advertising habits of 848 chiropractic and 149 naturo‐
pathic proprietors (for a total of 997); and
3. The locations, characteristics and advertising habits of 2,942 dentist offices.
All of these offices were placed on a road network layer [32] using the ArcGIS (version 10.0)
‘address locator’ geocoding function. Within the geographic information system (GIS)
environment, these points were compared with respect to visibility advantages. More specif‐
ically, each office point was evaluated in terms of being within or beyond ‘high visibility areas’
and if each office participated in a high or low ‘visibility approach’.
High visibility areas are comprised of two components: high visibility polygons and high
visibility arcs (lines). By extracting blocks from an Ontario land use map [33], a layer of high
Acupuncture in Modern Medicine372
visibility polygons was created by isolating commercial land use blocks and blocks adjacent
to commercial areas. In a similar fashion, highways and major roads were taken from an
Ontario road network layer [32] and saved as a specific high visibility arc (road) layer.
Logically, offices in and around commercial zones and/or on well-travelled streets will feature
high traffic volume and thus are high visibility areas. Conversely, low visibility areas are those
that are not near commercial zones and not along a major road or highway. Acupuncture,
chiropractor/naturopath and dentist office points were, hence, denoted as being located in high
or low visibility areas. A high visibility approach was defined in this study as an office that
utilizes a display ad in the yellow pages and/or has an above average advertising to sales ratio.
A low visibility approach means the office does not have a listing in the yellow pages or only
a regular listing (no display ad) and an advertising to sales ratio that is below average (as
measured for all offices within the given category in metropolitan Toronto). Therefore, the
three health care categories were further stratified by visibility approach (high or low). Online
advertising was not specifically integrated into the visibility approach measure due to so few
practitioners with a website listing in this database, but general observations are made
nevertheless.
Based on these visibility ‘area’ and ‘approach’ stipulations, a series of layers/maps were
derived in the GIS environment and important geographic patterns concerning the visibility
tendencies of those offering, or potentially offering, acupuncture services were realized.
Essentially, points were allocated into four groups: 1) high visibility area with a high visibility
approach, 2) high visibility area with a low visibility approach, 3) low visibility area with a
high visibility approach and 4) low visibility area with a low visibility approach.
The point distributions of these four visibility categories, for each of the three health care
categories, were analyzed further to understand within metropolitan Toronto patterns. Spe‐
cifically, a nearest neighbor analysis of the point patterns was employed using the applica‐
tion within ArcGIS. The nearest neighbor significance test indicates if an observed pattern of
points deviates from a theoretical (random) distribution sufficiently enough to be consid‐
ered significantly clustered or dispersed in space [34]. A nearest neighbor ratio (or index) is
derived and this allows for point distributions, within the same sample area, to be compared
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Figure 1. Municipalities in metropolitan Toronto
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3. Observing the overall trends
Primary  acupuncture,  chiropractor/naturopath  and  dentist  office  enumerations  follow
general population trends with disproportionate tallies in the most populous municipali‐
ties such as, particularly, the City of Toronto, but also Mississauga and other CSDs in ex‐
cess  of  100,000  people  (see  Table  1  and the  point  configurations  on Figure  2,  3  and 4).
However,  other  important,  but  more  subtle,  differences  are  detectable.  For  instance,  of
the 306 acupuncture offices in metropolitan Toronto, the City of Toronto contains 60.46%
of the cases and the addition of  Mississauga,  Brampton,  Markham and Vaughan brings
the proportion to 83%. Dentist office percentages are not as high for the City of Toronto
(54.49%),  but  when  the  five  municipalities,  with  more  200,000  in  population,  are  com‐
bined, the percentage is similar (81.64%). In contrast, the chiropractor/naturopath catego‐
ry in the City of Toronto and the top five most populated municipality proportions are
lower by comparison (49.85% and 74.02% respectively). Although general correspondence
between office frequencies and CSD population is apparent, the same is not true of pop‐
ulation change. For example, only modest office tallies occur in some of the less populat‐
ed  yet  fast  growing  CSDs  (such  as  Whitchurch-Stouffville,  Bradford-West  Gwillimbury
and Milton) and a disproportionately high number of office points occur in Toronto and
Mississauga in spite of below average population growth in these municipalities. Perhaps
a  stronger  association  between  health  care  office  numbers  and  population  change  will
emerge in time and larger municipalities with very high growth rates, such as Brampton,
Vaughan, Ajax and Milton, may be particularly worthy of investigation in the future.
As shown on the maps, considerable portions of metropolitan Toronto have few office points
and other parts show quite high densities. This suggests a concentrated pattern and the degree
of ‘clustering’ varies with health care type. The nearest neighbor indices for acupuncture,
chiropractor/naturopath and dentist health care types were 0.576, 0.509 and 0.349, respectively,
and all were statistically significantly clustered at a confidence interval of 99%. Acupuncture
offices are less clustered and this may seem counterintuitive given that there are large areas
within the Toronto CMA completely void of primary acupuncture practitioners whereas the
chiropractor/naturopath and dentist points appear to ‘fill in’ the maps to a greater extent. Yet,
even in the south-central, where all three categories have considerable proportions, the
distribution varies. Dentist offices almost continuously cover the City of Toronto and into
adjacent Mississauga, southern parts of Vaughan, Richmond Hill and Markham.
Census subdivision (CSD) Pop 2011 Acu. Chi. or nat. Den.
Pop change
2006-11 (%)
Toronto 2,615,060 185 497 1,603 4.5
Mississauga 713,443 33 108 340 6.7
Brampton 523,911 8 31 174 20.8
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Census subdivision (CSD) Pop 2011 Acu. Chi. or nat. Den.
Pop change
2006-11 (%)
Markham 301,709 17 47 133 15.3
Vaughan 288,301 11 55 152 20.7
Richmond Hill 185,541 19 42 98 14.0
Oakville 182,520 7 51 110 10.2
Ajax 109,600 6 15 43 21.6
Pickering 88,721 3 14 38 1.0
Milton 84,362 3 19 40 56.5
Newmarket 79,978 7 30 51 7.6
Caledon 59,460 1 9 19 4.2
Halton Hills 59,008 2 13 26 6.7
Aurora 53,203 0 16 36 11.7
Georgina 43,517 1 6 11 2.8
Whitchurch-Stouffville 37,628 0 5 13 54.3
New Tecumseth 30,234 0 11 12 9.1
Bradford–West Gwillimbury 28,077 0 3 11 16.8
Orangeville 27,975 1 8 14 3.9
East Gwillimbury 22,473 0 4 3 6.7
Uxbridge 20,623 1 5 10 7.6
King 19,899 1 6 5 2.1
Mono 7,546 0 2 0 6.7
Chippewas of Georgina 275 0 0 0 -22.1
Toronto CMA 5,583,064 306 997 2,942 9.2
Table 1. Acupuncture, chiropractor/naturopath and dentist offices, population and population change for
municipalities of metropolitan Toronto
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Figure 2. Location of acupuncture offices and acupuncture offices per 1000 people for municipalities in metropolitan
Toronto
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Figure 3. Location of chiropractor or naturopath offices and chiropractor or naturopath offices per 1000 people for
municipalities in metropolitan Toronto
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Figure 4. Location of dentist offices and dentist offices per 1000 people for municipalities in metropolitan Toronto
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Figure 4. Location of dentist offices and dentist offices per 1000 people for municipalities in metropolitan Toronto
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Southern Oakville and central Brampton are also substantially covered, which is certainly
pushing the nearest neighbor index downward (more clustered). On the other hand, the chiro‐
practor/naturopath and acupuncture categories show high concentrations in the southern mu‐
nicipalities as well, but the point patterns tend to be less regular and more prone to ‘peaks and
valleys’ over space; moving the index towards random (1.00) by comparison. Subtle differences
aside, all three health care point distributions are certainly not even close to ‘dispersed’. A dis‐
persed pattern would indicate more equal allocation throughout the study area. Thus, the clus‐
tered patterns illustrated on the maps and measured by the nearest neighbor analysis imply
that patients/customers proximity to these offices varies by municipality.
By standardizing office tallies by population and the maps by quartile classification, the
relative presence and absence of the three health care categories can be more plainly observed
(see the polygons on Figures 2, 3 and 4). Acupuncture offices per 1,000 people, with values
above the median quartile, show a spatially continuous pattern throughout the south-central
and include the ‘non-connected’ municipalities of Orangeville, Uxbridge and Ajax. While
several of these municipalities display relative presence, only two (Richmond Hill and
Newmarket) are in the upper quartile. The spatial pattern of dentist offices per capita (Figure
4) is similar to the acupuncture office display, but with a greater number of CSDs in the upper
quartile (the City of Toronto, Vaughan, Aurora and Oakville) and a comparatively more
pronounced southwestern presence. In the case of both the acupuncture and dentist maps, the
northern portions of most of the Toronto CMA exhibit below median offices per capita values
and this suggests that dentists and acupuncture practitioners, in general, do not favor these
areas. The chiropractor/naturopath map provides interesting contrast and is almost a ‘negative
mirror image’ of the other two patterns. Only the relative importance of the extreme southwest,
Newmarket, Richmond Hill, Uxbridge and Orangeville are common to all three health care
types. Perhaps most striking is that most of southern metropolitan Toronto (including the City
of Toronto) is below the median quartile for chiropractors and/or naturopaths in per capita
terms. Conversely, northern CSDs such as King, New Tecumseth and Mono uniquely empha‐
size the chiropractor/naturopath classification.
Although the sheer numbers of offices and degree of clustering differ substantially, the office
per capita spatial patterns for acupuncture practitioners and dentists are quite similar while the
chiropractor/naturopath category more unique. It is intriguing that this spatial congruency be‐
tween primary acupuncture practitioners and dentists occurs even though the former is most
commonly associated with the CAM sector and the latter usually viewed as ‘conventional’
medicine. That chiropractors and/or naturopaths emphasize several areas not comparatively
abundant in primary acupuncture practitioners or dentists (such as the northern parts of the
metropolis) may suggest a ‘substitution’ situation; as chiropractors and naturopaths are likely
to offer acupuncture services. As such, the maps may be indicating that areas within the Toron‐
to CMA not comparatively rich in primary acupuncture practitioners per capita may still re‐
ceive acupuncture and related therapies from other CAM providers, such as chiropractors and
naturopaths. The geographic sameness of dentists and primary acupuncture offices per person
does not necessarily indicate market overlap. These would be ‘imperfect substitutes’ in most
cases, as dentists offering acupuncture are likely to do so in a more focused fashion, rather than
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‘full body’ treatment options common to primary acupuncture specialists. Thus, there are some
areas of metropolitan Toronto that display relatively high per capita values for all three types of
health care, such as the extreme west, and other regions present more distinct health care biases.
Yet, many of these overall trends do vary with office visibility characteristics.
4. Focusing on visibility tendencies
It is far more common for offices to be in high visibility areas, compared to low visibility areas,
and the proportions of offices in high visibility areas are reasonably similar for the health care
types: 76.47%, 76.03% and 80.86% for acupuncture, chiropractor/naturopath and dentist,
correspondingly. Whereas, visibility approach varies much more by type; proportions in the
high category are: 22.55% (acupuncture), 53.56% (chiropractor/naturopath) and 39.39%
(dentist). Other complexities emerge when visibility area and visibility approaches are cross-
compared (see Tables 2 and 3).




High visibility area with a high visibility approach 51 555,392.16 4.37
High visibility area with a low visibility approach 183 480,692.13 2.92
Low visibility area with a high visibility approach 18 425,222.22 3.28
Low visibility area with a low visibility approach 54 487,113.21 3.06
All acupuncture offices 306 492,076.67 3.22
Chiropractor/naturopath
High visibility area with a high visibility approach 409 770,668.30 4.65
High visibility area with a low visibility approach 349 786,870.69 4.65
Low visibility area with a high visibility approach 125 766,864.00 4.69
Low visibility area with a low visibility approach 114 684,000.00 3.68
All chiropractor/naturopath offices 997 766,150.75 4.55
Dentist
High visibility area with a high visibility approach 930 1,434,896.77 7.44
High visibility area with a low visibility approach 1,449 1,054,632.85 5.40
Low visibility area with a high visibility approach 229 1,400,676.83 7.34
Low visibility area with a low visibility approach 328 1,003,161.59 5.11
All dentist offices 2,942 1,195,570.70 6.16
Table 2. Health care type and visibility characteristics in metropolitan Toronto compared by number of offices,
average sales and average employment estimates
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4.1. The ‘high visibility area with a high visibility approach’ group
Offices located in high visibility areas (along major roads and/or near or within commercial
blocks) and employing a high visibility approach (above average advertising to sales ratio and/
or a display ad in the yellow pages) tend to be the largest operations and/or the most ‘suc‐
cessful’. Sales and employment values are the highest (acupuncture and dentist) or at least
above average (chiropractors/naturopaths) in each of the groupings. Given that there is
comparatively high cost involved in simultaneously pursuing above average advertising and
maintaining a high traffic location, it is perhaps not surprising that more modestly-sized offices
would choose, or be forced into, a different visibility approach.
The high visibility area/approach subset does show variability by health care type in terms of
proportional location preferences. As shown on Table 3, acupuncture offices in this category
are far less likely to be in the core of metropolitan Toronto (the City of Toronto) in comparison
to chiropractors/naturopaths and dentists. Given that acupuncture offices are much smaller,
the higher rents of these highly visible areas of Toronto (in addition to the costs associated
with above average advertising) may dampen their numbers in these locations. High visibility
area/approach acupuncture practitioners more frequently practice in the inner band (Missis‐
sauga, Brampton, Vaughan, Markham and Pickering) and the outer band (the remaining
municipalities) areas. In contrast, more than 40% of chiropractors/naturopaths and dentists
choose the City of Toronto. The nearest neighbor indices indicate significant clustering, but
acupuncture practitioners are comparably the least concentrated: 0.639 (acupuncture), 0.572
(dentist) and 0.449 (chiropractor/naturopath). Since chiropractors/naturopaths and dentists
emphasize the high visibility ‘core’ areas more than the acupuncture category, it is predictable
that these nearest neighbor values would be further away from random (1.00).
Offices in this category are utilizing what might be termed the optimal visibility strategy. It is
illuminating that it is only with chiropractor and/or naturopaths in which this visibility type
is most frequent. Perhaps this implies that chiropractors and/or naturopaths are in more
competitive markets compared to dentists and primary acupuncture practitioners. This may
also point to strong business acumen. It is not uncommon for students in chiropractic and
naturopathic schools to be exposed to small business workshops in which the attributes of
being ‘visible’ are predictably illustrated.
4.2. The ‘high visibility area with a low visibility approach’ group
Almost 60% of acupuncture offices (59.80%) and a sizable proportion of dentists (49.25%),
chiropractors  and/or  naturopaths  (35.01%)  fall  into  this  category  making  it  the  overall
most  common visibility  outcome.  These  are  offices  that  locate  in  high traffic  areas,  but
pursue comparatively less aggressive advertising approaches and tend to be in the inter‐
mediate  to  high range in  sales  and employment.  Strikingly,  this  visibility  group clearly
favors the core; almost three-quarters of acupuncture offices and two-thirds of chiroprac‐
tors/naturopaths and dentists are in the City of Toronto. The configuration of points are
the most  clustered of  any other visibility designation for  acupuncture and dentist  (with
nearest neighbor index values of 0.557 and 0.349, respectively) and comparatively concen‐
trated for chiropractor/naturopath (0.557).
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Health care type and visibility characteristics Core Inner band Outer band
Acupuncture
High visibility area with a high visibility approach 21.57 47.06 31.37
High visibility area with a low visibility approach 74.86 15.85 9.30
Low visibility area with a high visibility approach 22.22 38.89 38.89
Low visibility area with a low visibility approach 61.11 22.22 16.67
All acupuncture offices 60.46 23.53 16.01
Chiropractor/naturopath
High visibility area with a high visibility approach 42.78 27.38 29.83
High visibility area with a low visibility approach 63.04 21.78 15.19
Low visibility area with a high visibility approach 38.40 28.80 32.80
Low visibility area with a low visibility approach 47.37 27.19 25.44
All chiropractor/naturopath offices 49.85 25.58 24.57
Dentist
High visibility area with a high visibility approach 44.52 32.15 23.33
High visibility area with a low visibility approach 65.08 23.33 11.59
Low visibility area with a high visibility approach 32.75 37.12 30.13
Low visibility area with a low visibility approach 50.61 34.76 14.63
All dentist offices 54.49 28.45 17.06
Offices of all three types 53.83 27.42 18.75
Note: The ‘core’ area is the City of Toronto; the ‘inner band’ is comprised of Mississauga, Brampton, Vaughan, Markham
and Pickering; the ‘outer band’ is the remaining municipalities.
Table 3. Health care type and visibility characteristics compared by ‘core’, ‘inner band’ and ‘outer band’ municipalities
in metropolitan Toronto (shown in percentage)
Why does this visibility classification occur so frequently? Certainly this relates to the modest
size of most of these offices, with acupuncture practitioner locations being the smallest. There
might be limited funds available for advertising; and being ‘clustered’ in a high visibility
location, and disproportionately in the high population density environment of the City of
Toronto, might be necessary in these competitive markets. In effect, these are offices that have
chosen a location with high traffic volume over ‘eye catching’ advertising in the yellow pages
or websites. A key influence on this group is being proximate to vehicle and/or pedestrian
traffic flow. This may also explain why so few offices of this visibility group are in the outer
band of municipalities of metropolitan Toronto, where traffic volume opportunities would be
comparatively reduced.
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being ‘visible’ are predictably illustrated.
4.2. The ‘high visibility area with a low visibility approach’ group
Almost 60% of acupuncture offices (59.80%) and a sizable proportion of dentists (49.25%),
chiropractors  and/or  naturopaths  (35.01%)  fall  into  this  category  making  it  the  overall
most  common visibility  outcome.  These  are  offices  that  locate  in  high traffic  areas,  but
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Acupuncture in Modern Medicine382
Health care type and visibility characteristics Core Inner band Outer band
Acupuncture
High visibility area with a high visibility approach 21.57 47.06 31.37
High visibility area with a low visibility approach 74.86 15.85 9.30
Low visibility area with a high visibility approach 22.22 38.89 38.89
Low visibility area with a low visibility approach 61.11 22.22 16.67
All acupuncture offices 60.46 23.53 16.01
Chiropractor/naturopath
High visibility area with a high visibility approach 42.78 27.38 29.83
High visibility area with a low visibility approach 63.04 21.78 15.19
Low visibility area with a high visibility approach 38.40 28.80 32.80
Low visibility area with a low visibility approach 47.37 27.19 25.44
All chiropractor/naturopath offices 49.85 25.58 24.57
Dentist
High visibility area with a high visibility approach 44.52 32.15 23.33
High visibility area with a low visibility approach 65.08 23.33 11.59
Low visibility area with a high visibility approach 32.75 37.12 30.13
Low visibility area with a low visibility approach 50.61 34.76 14.63
All dentist offices 54.49 28.45 17.06
Offices of all three types 53.83 27.42 18.75
Note: The ‘core’ area is the City of Toronto; the ‘inner band’ is comprised of Mississauga, Brampton, Vaughan, Markham
and Pickering; the ‘outer band’ is the remaining municipalities.
Table 3. Health care type and visibility characteristics compared by ‘core’, ‘inner band’ and ‘outer band’ municipalities
in metropolitan Toronto (shown in percentage)
Why does this visibility classification occur so frequently? Certainly this relates to the modest
size of most of these offices, with acupuncture practitioner locations being the smallest. There
might be limited funds available for advertising; and being ‘clustered’ in a high visibility
location, and disproportionately in the high population density environment of the City of
Toronto, might be necessary in these competitive markets. In effect, these are offices that have
chosen a location with high traffic volume over ‘eye catching’ advertising in the yellow pages
or websites. A key influence on this group is being proximate to vehicle and/or pedestrian
traffic flow. This may also explain why so few offices of this visibility group are in the outer
band of municipalities of metropolitan Toronto, where traffic volume opportunities would be
comparatively reduced.
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4.3. The ‘low visibility area with a high visibility approach’ group
This visibility group is rare, in terms of office frequency, and the point configurations are
less  clustered  and  distributed  quite  evenly  across  the  Toronto  CMA.  The  acupuncture
and dentist classes have the lowest number of office tallies of any visibility group (5.88%
and 7.78%,  correspondingly)  and  chiropractors/naturopaths  (12.54%)  are  below average.
The  nearest  neighbor  indices  are  well  above  the  norm  for  each  respective  health  care
type: 0.811 compared to 0.576 for acupuncture, 0.792 vis-à-vis 0.509 for the chiropractor/
naturopath category and 0.551 compared to 0.493 for dentists.  In fact,  the nearest neigh‐
bor  index  for  acupuncture  (0.811)  was  statistically  insignificance  (with  99%  confidence)
and thus  random. The comparatively  even distribution across  the  core,  inner  band and
outer  band spatial  divisions echo the nearest  neighbour results.  Notice  that  the propor‐
tions  all  stay  within  the  20-40% range  for  each  health  care  type  (see  Table  3);  a  result
that  does not  occur for  any other visibility group.  This  evenness is  complemented with
the highest proportions in the outer band; again, for all three health care categories.
The rareness of this visibility group is perhaps surprising. One might assume that if an office
was not in a high volume location, it would have to compensate for this lack of physical
visibility with virtual visibility, through ads in the yellow pages, websites and other creative
means of promotion. Yet, the results show that if this strategy is being employed, it does not
occur very often.
4.4. The ‘low visibility area with a low visibility approach’ group
This group is, for all intents and purposes, the most disadvantaged in terms of visibility; and
is described as offices in low traffic areas with relatively limited propensity to advertise. This
group is quite regularly found in the core (ranging from 47.37% to 61.11%) and is definitely
below average in size. While more clustered than the ‘low visibility area with a high visibility
approach’ assembly of points, these offices tend to be more spread out than the two ‘high
visibility area’ groups. The nearest neighbor indices for this visibility group provide confir‐
mation: acupuncture 0.790, chiropractor/naturopath 0.636 and dentist 0.493.
Given the small size (in terms of average sales and employment), limited advertising and
propensity to be away from high volume areas, one might expect that many of these health
care providers have their business and residence at the same address. If the lack of ‘formal’
advertising is by choice, perhaps this visibility type can also be described as professionals who
rely chiefly on ‘word of mouth’ to capture new customers.
5. Conclusions and implications for acupuncture spatial accessibility
The visibility traits of health care providers that administer (or may administer) acupunc‐
ture services are complex. Nevertheless, this study did demonstrate that the visibility ten‐
dencies of various acupuncture treatment locations leave interesting and distinctive
geographies and a greater appreciation of these patterns builds upon our knowledge regard‐
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ing the motivations and potential profitability of small health care business owners. The ma‐
jority of primary acupuncture (PA), chiropractor/naturopath and dentist offices are attracted
to high visibility/high volume areas and some of these employ high visibility/more aggres‐
sive advertising approaches to attract new patrons. Many practitioners are in high visibility
locations, but eschew aggressive advertising and on occasion the reverse occurs (offices in
low visibility areas but with a high visibility approach). The former constitutes the most fre‐
quent ‘visibility’ classification’ and implies the importance of strategic site choices, in which
being in a highly visible location may be replacing the need to advertise lavishly on websites
and yellow pages. The latter category may have motivations that follow similar logic: be‐
cause these offices have fewer geographic advantages, the approach to advertising and self-
promotion needs to be more aggressive to compensate. There is also a significant minority of
cases that are in low visibility areas and also forego high visibility (advertising) approaches.
These may describe professionals who stay in business, and perchance are very profitable,
primarily on the strength of a sterling reputation. It is possible that for this one very select
group of health care professionals, geography and promotion are irrelevant as patients find
them regardless.
Studying acupuncture treatment locations, in a wider sense, enhances our understanding of
the complex reasons for spatial disparities in health care accessibility and potentially aids
policymakers concerned with more adequately equating health care opportunities amongst
all citizens within a jurisdiction. For instance, there is quite striking spatial imbalances of PA
offices throughout the Toronto metropolitan area which deviate only slightly by visibility
approach. Many communities and municipalities in Greater Toronto do not have local PA
services and/or are below the median in terms of offices per capita. The general trend is that
people most ‘come south’ to patronize these particular offices, but this is unlikely to accu‐
rately demonstrate true accessibility disadvantages in the more peripheral areas. Chiroprac‐
tors and naturopaths display a far greater presence in Toronto’s peripheral/northern
municipalities; and if acupuncture services are offered by these chiropractors and naturo‐
paths, then accessibility disadvantages across metropolitan Toronto may not be as acute. It
is less likely that dentists are playing the same role; although the very specialized acupunc‐
ture procedures carried out in some dentist’s offices may create partial overlap with PA
services in some areas. Admittedly, it remains uncertain how clearly most people differenti‐
ate the acupuncture services rendered from naturopaths, chiropractors, dentists and pri‐
mary acupuncturists. Thus, from a business competitiveness standpoint, it is also not certain
if PA offices should vigorously promote differences in acupuncture technique from other
providers. More precisely evaluating commonalities and distinctions should be investigated
in the future by directing surveys to acupuncture professionals and their patients.
Given that CAM-based acupuncture procedures are not covered by the publicly-funded On‐
tario Health Insurance Plan (OHIP) and are rarely paid by private employers, the vast ma‐
jority of people in the province purchase these services ‘out of pocket’ (although some cost
can be recouped through income tax deductions). In this regard, primary acupuncturists,
chiropractors and naturopaths are on relatively ‘equal footing’ in terms of vying for new
customers; making factors such as spatial accessibility and advertising in conjunction with
effectiveness (and perhaps uniqueness) of treatment and professional reputation potentially
very important determinants in market share distribution. If primary acupuncturists seek to
secure a greater presence in the periphery of the Toronto CMA, then two, not mutually ex‐
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clusive, approaches are logical. Either these practitioners must set up directly in these mu‐
nicipalities and/or they must advertise aggressively and perhaps highlight differences in
their treatment effectiveness from others. There is some evidence that the latter may be oc‐
curring. As demonstrated in this study, while PA establishments are low in numbers in the
‘outer band’ of the CMA, roughly one-third of these offices employ a high visibility ap‐
proach in terms of advertising (31.37% and 38.89% for high and low visibility areas respec‐
tively) and these proportions are higher than both dentists and chiropractors/naturopaths in
these peripheral areas.
While greater attention to advertising by PA specialists, such as the presently under-utilized
construction of informative websites, may encourage greater commuting to treatment, it will
not completely offset spatial accessibility disparities. Not everyone is willing to absorb both
treatment and significant transportation (monetary and time) costs; meaning that accessibili‐
ty disadvantages to primary acupuncturists must also be countered through a wider distri‐
bution of these offices throughout metropolitan Toronto. The faster growing municipalities
of the outer band such as Milton, Oakville, Bradford-West Gwillimbury, Aurora, Whitch‐
urch-Stouffville, and Ajax might be areas of particular opportunity and perhaps strong can‐
didates for ‘greenfield’ PA office development. Successfully widening the allocation of PA
offices would also be dependent on counteracting apparent cultural influences as there are
presently dense settlements of PA offices in pockets of Toronto with high proportions of
people of Chinese ethnic origins [29].
Certainly, spatial accessibility to acupuncture treatment is enhanced by greater integration
between the complementary and alternative and conventional medical sectors. While insti‐
tutional and attitudinal divisions have historically been considerable, particularly in some
western countries, integration is occurring even if the magnitude of medical assimilation
does vary by jurisdiction. If more professionals in conventional medicine become receptive
to non-allopathic approaches, spatial accessibility to acupuncture and other CAM ap‐
proaches is improved in at least two ways. First, the number of locations from where acu‐
puncture procedures and referrals are made expands considerably as more conventional
health care offices, which are often in places of high visibility, are included in the mix. Sec‐
ond, medical procedures are far more likely to be listed under public health care insurance
programs and/or given personal income tax advantages with allopathic doctor involvement.
If greater integration encourages policymakers to extend full or partial coverage, acupunc‐
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